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PARTI. 

Officers  of  thk  Corps  of  Enginkkrs ^ 3 

SEACOAST  AND  LAKE  FKONTIER  DEFENSES. 
General  (liHCUHsioii 4 

Estimates  of  Appropriatk »n8  for  1886-7 5 

Northern  Frontier.— Ft.  Wayue,  Mich.,  5;  Ft.  Porter,  N.Y.,5;  Ft.  Niagara,  N.  Y., 
Ft.  Ontario,  N.  Y.,  G  ;  Ft.  Mont«>:omery,  N.  Y.,  7.  The  Penobscot,  Me.— Ft.  Knox, 7. 
The  Kennebec,  Me. — Ft.  Pophani,  7.  Portland,  Me. — Ft.  Gorges,  Ft.  Preble,  Ft. 
Scani\iiel,8;  battery  on  Portland  Head,  batteries  on  Cow  Id.,  batteries  on  Great 
Hog  Id.,  9.  Portsmouth,  N.  H.,  and  Navy-Yard  at  Kittery,  Me. — Ft.  McClary, 
Ft.  Constitution,  battery  on  (ierrish's  Id.,  battery  on  Jerry's  Point,  10.  Boston 
and  Navy- Yard  at  Charlestown,  Mass. — Ft.  Warren,  battery  at  Long  Id.  Head, 
11;  Ft.  Winthrop,  Ft.  Iudepen<lence,  12.  New  Bedford,  Mass.— Fort  at  Clark's 
Point,  12.  Narragansett  Bay,  K.  I  — Ft.  Adams,  13;  defenses  of  Dutch  Id.,  14; 
Ft.  Greene,  15.  New  London  Harbor  and  Navy- Yard,  Conn. — Ft.  Trumbull, 
Uy ;  Ft.  Ciriswold,  16.  New  Haven,  Conn.— Ft,  Hale,  10.  New  York  and  Navy- 
Yard  AT  Brooklyn.— Ft.  Schuyler,  fort  at  Willets  Point,  16;  defenses  of  Gov- 
ernor's Id.,  sea-wall  on  Governor's  Id.,  17;  Ft.  Wood,  Ft.  Hamilton  and  additional 
battericK,  18;  mortar  battery,  Ft.  Hamilton,  Ft.  Lafayette,  Ft.  Wadsworth,  19; 
fort  on  site  of  Ft.  Tompkins,  20;  Glacis  Gun  Battery  (n.  of  fort  on  site  of  Ft. 
Tompkins),  Glacis  Mortar  Battery  (s.  of  fort  on  site  of  Ft.  Tompkins),  Battery- 
Hudson,  21;  South  Mortar  Battery,  North  Cliff  Battery,  22;  South  Cliff  Battery, 
Two-gun  Battery  near  fort  on  site  of  Ft.  Tompkins,  23;  fort  at  Sandy  Hook,  24. 
Philadelphia  and  League  Island  Navy-Yard.— Ft.  Mifflin,  25;  mortar  battery 
at  Ft.  Mifflin,  site  for  defenses  at  Red  Bank,  Ft.  Delaware,  26 :  battery  at  Finn's 
Point,  mortar  battery  at  Finn's  Point,  27  ;  foit  opposite  Ft.  Delaware,  mortar  bat- 
tery opposite  Ft.  Delaware,  28.  Baltimore,  Md. — Ft.  McHenry,  28 ;  Ft.  Carroll,  29. 
Washington,  D.  C. — Ft.  Foote,  29;  Ft.  Washington,  30  ;  obstructions  of  the  Poto- 
mac, 31.  Hampton  Roads  and  Gosport  Navy- Yard,  Va. — Ft.  Monroe,  31 ;  arte- 
sian well  at  Ft.  Monroe,  Ft.  Wool,  32.  Beaufort  Harbor,  N.  C— Ft.  Macon,  33. 
Wilmington,  N.  C— Ft.  Caswell,  34.  Charleston,  S.  C— Ft.  Moultrie,  34 ;  Ft. 
Sumter,  Ft.  Johnson,  35  ;  Castle  Pinckney,  36.  Savannah,  Ga.— Ft.  Oglethorpe, 
Ft.  Pulaski,  36;  new  fort  on  Tybee  Id.,  37.  Cumberland  Sound. — Ft.  Clinch,  37. 
Saint  Augustine,  Fla.— Ft.  Marion,  :38.  Key  West,  Fla.— Ft.  Taylor  and  bat- 
teries, :58.  Harbor  of  Dry  Tortugas,  Fla. — Ft.  Jefferson,  39.  Pensacola  Har- 
bor AND  Navy- Yard,  Fla. — Ft.  Pickens,  39;  Ft.  Barrancas  and  redoubt,  Ft.  McRee, 
40.  Mobile,  Ala. — Ft.  Morgan.  Ft.  Gaines,  41.  Mississippi  Sound.— Fort  on  Ship 
Island,  41.  New  Orleans,  La. — Ft.  Pike,  Ft.  Macomb,  42 ;  Tower  Duprd,  Battery 
Bienvenue,  tower  at  Proctorsville,  Ft.  Jackson.  43 ;  Ft.  St.  Philip,  Ft.  Livingston,  44. 
Galveston,  Tex. — Batteries  at  the  entrance  to  the  harbor  of  Galveston,  45.  San 
Diego  Harbor,  California. — Fort  at  San  Diego,  45.  San  Francisco,  Navy- Yard 
at  Mare  Island  and  ArsKnal  at  Benicia,  Cal. — Ft.  Winfield  Scott,  45;  fort  at 
Lime  Point,  46;  fort  on  Alcatraz  Id.,  Ft.  Mason,  butteries  on  Angel  Id.,  47. — De- 
fenses of  the  Columbia,  Oreg.,  and  Wash. — Ft.  Stevens,  Ft.  Can  by,  48. 
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THE  BOARD  OF  ENGINEERS. 

Officers  constitutiDg  Board,  Fortifications,  48;  Rivers  and  harbors j  49;  Coast  defenses. 
Torpedo  defense,  50  ;  Estimate  for  service  of  torpedoes,  51. 

BOARD  OF  ENGINEERS  FOR  THE  PACIFIC  COAST. 

Officers  constituting  the  Board ', 52 

BATTALION    OF    ENGINEERS    AND     ENGINEER    SCHOOL    OF    APPLICA- 
TION   52 

ENGINEER  POST   AND    DEPOT    OF    WILLET8    POINT,    NEW    YORK    HAR- 

BOR 53 

RIVER  AND  HARBOR  IMPROVEMENTS. 
General  statement 53 

ATLANTIC  COAST  AND  GULF  OF  MEXICO. 

In  charge  of  Col.  C.  E.  Blunt,  Corps  of  Engineers— 

Lubec  Channel,  Me.,  Bangor  Harbor  and  Penobscot  River,  Me.,  55;  Moose-a-bec  Bar 
at  Jonesport,  Me.,  56;  Belfast  Harbor,  Me.,  Rockland  Harbor,  Me.,  57;  Portland 
Harbor,  Me.,  Kennebnnk  River,  Me.,  breakwater  at  mouth  of  Saco  River,  Me.,  Ports- 
mouth Harbor,  N.  H.,  58;  Cocheco  River,  N.  H.,  59;  examinations  and  surveys,  (50. 

In  charge  of  Maj.  Charles  W.  Raymond,  Corps  of  Engineers— 

Newburyport  Harbor,  Mass.,  GO  ;  Merrimac  River,  MasN.,  61 ;  Scituate  Harbor,  Mass., 
62;  Boston  Harbor,  Mass.,  63;  Plymouth  Harbor,  Mass.,  Provincetown  Harbor, 
Mass.,  64;  Lynn  Harbor,  Mass.,  65;  Maiden  River,  Mass.,  harbor  of  refnge  at 
Sandy  Bay,  Cai)e  Ann,  Mass.,  66  ;  examinations  and  surveys,  67. 

In  charge  of  Lieut.  Col.  George  H.  Elliot,  Corps  of  Engineers — 

Harbor  of  refuce  at  Hyannis,  Mass.,  harbor  of  refuge  at  Nantucket,  Mass.,  68  ;  Wood's 
Roll  and  harl)or  of  refuge  at  Wood's  Holl,  Mass.,  69  ;  Wareham  Harbor,  Mass.,  70  ; 
Taunton  River,  Mass.,  71;  Pawtucket  River,  R.  I.,  Providence  River  and  Narra- 
gansett  Bay,  R.  I.,  73  ;  Newport  Harbor,  R.  I.,  75 ;  harbor  of  refuge  at  BIoc]^  Island, 
R.  I.,  76;  Little  Narragansett  Bay,  R.  I.,  Conn.,  harbor  of  refuge  at  Stonington, 
Conn.,  78;  examinations  and  surveys,  79. 

In  charge  of  Lieut.  Col.  Walter  McFarland,  Corps  of  Engineers — 

Connecticut  River,  Mass.  and  Conn.,  80 ;  Thames  River,  Conn.,  81 ;  New  London  Har- 
bor, Conn.,  82;  Clinton  Harbor,  Conn.,  New  Haven  Harbor,  Conn.,  83  ;  breakwater 
at  New  Haven  Harbor,  Conn.,  Milford  Harbor,  Conn.,  84 ;  Housatonic  River,  Conn., 
Bridgeport  Harbor,  Conn.,  85 ;  Black  Rock  Harbor,  Conn.,  Southport  Harbor,  Conn., 
86;  Norvvalk  Harbor,  Conn.,  Port  Chester  Harbor,  N.  Y.,  87  ;  New  Rochelle  Harbor, 
N.  Y.,  88;  Echo  Harbor,  New  Roch«*lle,  N.  Y.,  Mamaroneck  Harbor,  N.  Y.,  Green- 
port  Harbor,  N.  Y.,  89 ;  Port  Jetforson  Harbor,  N.  Y.,  Flushing  Bay,  N.  Y.,  90  ;  New- 
town Creek,  N.  Y.,  91 ;  Buttermilk  Channel,  N.  Y.,  92;  Gowanus  Bay,  N.  Y.,  Har- 
lem River,  N.  Y.,  93;  Hudson  River,  N.  Y.,  harbor  at  Rondout,  N.  Y.,'94;  harbor  at 
Saugerties,  N.  Y.,  removing  sunken  vessels  or  craft  obstructing  or  endangering  nav- 
igation, 95;  examinations  and  surveys,  95. 

In  charge  of  Brig.  Gen.  John  Newton,  Chief  of  Engineers,  Bvt.  Maj.  Gen., 
U.  S.  A.— 

Removing  obstructions  in  East  River  and  Hell  Gate,  N.  Y.,  96. 

In  charge  of  Maj.  George  L.  Gillespie,  Corps  of  Enginbers,  Bvt.  Lieut. 
Col.,  U.  S.  A.— 

East  Chester  Creek,  N.  Y.,  Canarsie  Bay,  N.  Y.,  98 ;  Sheepshejid  Bay,  N.  Y.,  99 ;  Sumpa> 
wanus  Inlet,  N.  Y.,  100;  Cheesecjuakes  Creek,  N.  J.,  101 ;  Passaic  River  above  New- 
ark, N.  J.,  102;  Passaic  River  below  Newark,  and  removing  shoals  in  Newark  Bay, 
N.  J.,  103  ;  channel  ]»etween  Staten  Island  and  New  Jersey,  104  ;  Shrewsbury  River, 
N.J. ,105;  Railway  River,  N.  J.,  Elizabeth  River,  N.J. ,  IOC) ;  Woodbridge  Creek,  N. 
J.^Manasquan  River, N.  J.,  107  ;  Raritan  Bay,  N.  J.,  108;  Raritan  River,N.  J.,  109; 
Mattawan  Creek,  N.  J.,  Key  port  Harbor,  N.  J.,  HI;  South  River,  N.J. ,  112;  Gedney*8 
Channel,  New  York  Harbor,  113;  Removing  sunken  vessels  or  craft  obstructing  or 
endangering  navigation,  114  ;  examinations  and  surveys,  114. 
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In  charge  of  Lieut.  Col.  Henry  M.  Robert,  Corps  of  Engineers— 

Delaware  River  from  Treuton,  N.  J.,  to  its  mouth,  115;  Delaware  River  between  Tren- 
ton, N.  J.,  and  Briilesburg,  Pa.,  116 ;  Delaware  River  below  Bridesbur^,  Pa.,  117; 
Delaware  River  at  Schooner  Ledge,  118 ;  Delaware  River  near  Cherry  Island  Flats, 
Fran kford  Creek,  Pa.,  Schuylkill  River, Pa.,  119 ;  ice  harbor  at  Marcus. Hook,  Pa., 
120  ;  ice  harbor  at  the  head  of  Delaware  Bay,  Del.,  construction  of  iron  pier  in  Dela- 
ware Bay  near  Lewes,  Del.,  121 ;  Delaware  Breakwater  harbor,  Del.,  122 ;  Rancocas 
River,  N.  J.,  Woodbury  Creek,  N.  J.,  Mantua  Creek,  N.  J.,  12:5 ;  RaccLon  River,  N.  J., 
Saleni  River,  N.  J.,  124  ;  Cohansey  Creek,  N.  J.,  North  Branch  of  Susquehanna  River, 
Pa.,  125;  removal  of  wrecks  from  Delaware  Bay  and  River,  removing  sunken  ves- 
sels or  craft  obstructing  or  endangering  navigation,  United  States  commission  ailvi- 
sory  to  the  Board  of  Harbor.Commissionersof  Philadelphia,  Pa.,  12b;  examinations, 
12ti. 

In  charge  of  Mr.  William  F.  Smith,  U.  S.  Agent— 

Maurice  River,  N.  J.,  Wilmington  Harbor,  Del.,  127  ;  ice  harbor  at  New  Castle,  Del., 
128  ;  Duck  Creek,  Del.,  Saint  Jones  River,  Del.,  129  ;  Mispillion  Creek,  Del.,  Broad- 
kiln  River,  Del.,  Broad  Creek,  Del.,  from  its  mouth  to  Laurel,  130;  Indian  River, 
Del.,  Suvsquehanna  River  above  and  below  Havre  de  Grace,  Md.,  131 ;  Klk  River,  Md., 
l;^2;  Chester  River  at  Kent  Island  Narrows,  Md.,  Chester  River  from  Spry's  Land- 
ing to  Crumpton,  Md.,  Corsica  Creek,  Md.,  i;i3 ;  harbor  at  Annapolis,  Md.,  Chop- 
tank  River,  Md.,  134  ;  harbor  of  Cambridge,  Md.,  135;  Wicomico  River,  Md.,  Upper 
Thoroughfare,  between  DeiTs  Island  and  the  mainland,  Md.,  136  ;  removing  sunken 
vessels  or  craft  obstructing  or  endangering  navigatijon,  137;  examinations  and  sur- 
veys, 137. 

In  charge  of  Lieut.  Col.  William  P.  Craighill,  Corps  of  Engineers — 
Patapsco  River  and  channel  leading  to  Baltimore,  Md.,  137. 

In  charge  of  Maj.  Peter  C.  Hains,  Corps  of  Engineers,  Bvt.  Lieut.  Col., 
U.  S.  A.— 

Harbors  at  Washington  and  Georgetown,  D.  C,  139  ;  Potomac  River  at  Washington, 
D.  C,  140;  James  River,  Va.,  142;  Shenandoah  River,  W^  Va.,  143. 

In  charge  of  Mr.  S.  T.  Abert,  U.  S.  Agent— 

Channel  at  Mount  Vernon,  Va.,  Neabsco  Creek,  Va.,  144;  Breton  Bay,  Leonardtown, 
Md.,  Nomini  Creek,  Va.,  145;  harbor  at  entrance  of  Saint  Jerome's  Crw.k,  Md., 
Rappahannock  River,  Va.,  146;  Totusky  River,  Va.,  147;  IJrbana  Creek,  Va.,  Mat- 
taponi  River,  Va.,  Pamunky  River,  Va.,  148;  York  River,  Va.,  149;  Chickahominy 
River,  Va.,  Staunton  River,  Va.,  150, 151 ;  Dan  River,  between  Madison,  N.  C,  and 
Danville,  Va.,  151;  Roanoke  River,  N.  C,  French  Broad  River,  N.  C.,152;  exami- 
nations and  surveys,  153. 

In  charge  of  Capt.  F.  A.  Hinman,  Corps  of  Engineers — 

Harborat  Norfolk,  Va.,  153 ;  approach  to  Norfolk  Harbor  and  the  U.  S.  (Norfolk)  navy- 
yard,  between  Lambert's  Point  and  Ft.  Norfolk, Va.,  154 ;  Appomattox  River, Va.,  155; 
Nottoway  River,  Va.,  156;  Blackwater  River,  Va.,  Archer^s  Hope  River,  Va.,  157; 
North  Landing  River,  Va.  and  N.  C,  loS;  Edenton  Bay,  N.  C,  Currituck  Soimd, 
Coaujok  Bay,  and  North  River  Bar,  N.  C,  159  ;  Meherrin  River,  N.  C,  IGO;  Pamlico 
and  Tar  Rivers,  N.  C,  101 ;  Yadkin  River,  N.  C,  162 :  Scupperuong  River,  N.  C,  163 ; 
removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation,  164;  ex- 
aminations and  surveys,  164. 

In  charge  of  Capt.  William  H.  Bixby,  Corps  of  Engineers — 

Contentnea  Creek,  N.  C,  164;  Trent  River,  N.  C,  165;  Neuse  River,  N.  C,  166:  Inland 
navigation  from  New  Berne  to  Beaufort  Harbor,  via  Clubfoot,  Harlowe,  and  New- 
port rivers,  N.  C,  167  ;  harbor  at  Beaufort,  N.  C,  168;  New  River,  N.  C,  169 ;  Cape 
Fear  River,  above  Wilmington,  N.  C,  170;  Cape  Fear  River,  below  Wilmington,  N. 
C.,  171;  Great  Pedee  River,  S.  C,  172;  Waccamaw  River,  S.  C,  173;  harbor  at 
Georgetown,  S.  C,  174  :  Sautee  River,  S.C.,  175;  Wateree  River,  S.  C,  176;  exam- 
inatioQB  and  surveys,  177. 


IV  CONTENTS. 

In  chargk  ok  Col.  Q.  A.  Gillmorr,  Corps  of  Engineers.  Bvt.  Maj.  Gbn.,  U. 
8.  A.— 

Charleston  Harbor,  S.  C,  177;  Wappoo  Cut,  8.  C,  179;  Ashley  River,  8.  C,  180; 
Edisto  River,  S.  C.,  181;  8alkiehatchie  River,  8.  C.»  SavanDah  Harbor  and  River, 
Ga.,  182;  Savannah  River,  Ga.,  184;  Savannah  River  above  Augusta,  Ga.,jl%; 
Saint  Augustine  Creek  (^Thunderbolt  River),  Ga.,  Romerly  Marsh,  Ga.,  186;  Alta- 
maha  River,  Ga.,  187;  Brunswick  Harbor,  Ga.,  188;  entrance  to  Cumberland  Sound, 
Ga.  and  Fla  ,  189;  inside  passage  between  Fernandina  and  Saint  John^s  River,  Fla., 
191;  exaniinaf  ions  aud  surveys,  191. 

In  chakgk  of  Capt.  W.  T.  Rosskll,  Corps  of  Engineers— 

Saint  John's  Rivi^r,  Fla.,  191 ;  Upper  Saint  John's  River,  Fla.,  Volusia  Bar,  Fla.,  193 ; 
Apalachicobi  Bay,  Fla.,  Tampa  Bay,  Fla.,  194;  Sawanee  River,  Fla,  Key  West 
Harbor,  Fla.,  rjr>;  Pease  Cretk,  Fla.,  harbor  at  Cedar  Keys,  Fla.,  196;  Manatee 
River,  Fla.,  C.iloosahatohee  River,  Fla.,  197;  Apalachicola  River,  Fla.,  Withlacoo- 
<!hee  River,  Fla.,  T.M:  removing  sunken  vessels  or  craft  obstructing  or  endangering 
navigation,  199;  examinations  and  surveys,  199. 

In  charge  ok  Capt.  R.  L.  IIoxie,  Corps  of  Engineers — 

Ocmnlgee  River,  Ga.,  199;  Oconee  River,  Ga.,  200;  Flint  Kiver,  Ga.,  Oostonaula  and 
Coosawattee,  rivers,  (ia.,  Coo-^a  River,  Ga.  and  Ala.,  201 ;  Chattahoochee  River,  Ga. 
and, Ala.,  202;  Alabama  Kiv«r,  Ala.,  Tallapoosa  River,  Ala.,  203;  Cahaba  River, 
Ala.,  204;  Escambia  and  Coneeub  rivers,  Fla.  and  Ala.,  Choctawhatchee  River,  Fla. 
and  Ala.,  205 ;  La  Grange  IVjiyou,  Fla.,  harbor  at  Pensacola,  Fla.,  206;  examina- 
tions and  survrys,  207. 

In  charge  of  Ma.t.  A.  N.  Damrkll,  Corps  of  Engineers— 

Mobile  Harbor,  Ala.,  207;  Warrior  River,  Ala.,  208;  Tombigjbee  River,  from  Fulton 
to  Vienna,  Tombio^bee  RivtM*;  below  Vienna.  209 ;  Black  Warrior  River,  from  Tus- 
caloosa to  Daniel's  Creek,  Ala.,  GUI  Town  Creek,  Miss.,  210;  Noxubee  River,  Miss., 
Pascagoula  Riv(^r,  Miss.,  211  ;  roadstead  leadin<j  into  Back  Bay,  Biloxi,and  Biloxi 
Channel,  Miss.,  Horn  Island  Pass,  Miss.,  Pearl  River,  Miss.,  below  Jackson,  212; 
Pearl  River,  Miss.,  from  Jackson  to  Cartbajjje,  Pearl  River,  Miss.,  between  Edinburg 
and  Carthage,  21H;  examinations  and  surveys,  214. 

In  charge  of  Maj.  W.  H.  Heuer,  Corps  of  Engineers — 

Inspection  of  the  improvement  at  the  South  Pass  of  the  Mississippi  River,  214  ;  Amite 
Kiver,  La.,  Tanjripahoa  River,  La.,  215;  Tehefunete  River,  La.,  216;  Ticklaw  River, 
L».,  Bayou  Teche,  La.,  217  ;  connecting  Bayou  Teche  with  Grand  Lake  at  Charen- 
ton,  La.,  218;  Bayou  Black,  La.,  219;  Bayou  Courtablean,  La.,  220;  Bayou  Terre- 
bonne, La.,  Bayou  La  Fourche,  La., Calcjisieu  River,  La., 221;  Calcasieu  Pass,  La., 
222;  Sabine  Pass,  Tex  ,  223;  Sabine  River,  La.  and  Tex.,  224 ;  Neches  River,  Tex., 
removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation,  225;  ex- 
ini nations  and  surveys,  225. 

In  char(;e  of  Ma.i.  S.  M.  Mansfield,  Corps  of  Engineers,  Bvt.  Lieut.  Col., 
U.  S.  A.— 

Entrance  to  Galveston  Harbor,  Tex.,  ship-channel  in  Galveston  Bay,  Tex.,  226;  Trinity 
River,  Tex.,  Bnlfalo  Bayou,  Tex.,  227;  channel  over  the  bar  at  mouth  of  Brazos 
River,  Tex.,  Pass  Cavallo  Inlet  to  Matagorda  Bay,  Tex.,  228;  Aransas  Pass  and  Bay 
up  to  Rockport  and  Corpus  Christi,  Tex.,  harbor  at  Brazos  Santiago,  Tex.,  229; 
protection  of  river  bank  at  Fort  Brown,  Tex.,  230. 

WESTERN  RIVERS. 

In  cuarge  of  Capt.  Eric  Bergland,  Corps  of  Engineers— 

Red  River,  La.  and  Ark.,  2:W;  survey  of  Bayou  Piern^,  La.,  Cypress  Bayou,  Tex.  and 
La,,  232;  Cane  River,  La.,  Loggy  Bayou,  Lake  Bisteneau  and  the  Dorcheat,  La., 
233;  Ouachita  and  Black  ri\ers.  Ark.  and  La.,  234;  Bayou  Bartholomew,  La.  and 
Ark.,  Bayou  B(pnf,  La.,  235;  Tensas  River  and  Bayou'  Macon,  La.,  Bayou  D*Ar- 
bonne.  La.,  23(5;  Yazoo  River,  Miss.,  237;  Hig  Sunllowor  River,  Miss.,  TchnlaLake^ 
Mis.s.,  23H;  Tallahatchee  River,  Miss.,  239:  Cold  water  River,  Miss..  Yallabusha 
River,  Miss.,  240;  Steele's  Hayou,  Mi.ss.,  Big  Black  River,  Miss.,  241;  Big  Hatchee 
River,  Tenn.,  South  Forked  Deer  River,  Tenn.,  242;  Water-gauges  on  the  Mississippi 
River  and  its  principal  tributaries,  243;  examinations  and  surveys,  243. 
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In  charge  of  Capt.  H.  S.  Taber,  Corps  of  Engineers — 

Kemoving  obstrnctions  in  Arkansas  River,  Ark.,  244;  Arkansas  River  between  FMrt 
Smith  and  Wichita,  Kans.,  Arkansas  River  at  Fort  Smith,  Ark.,  Arkansas  River  at 
Pine  Bluff,  Ark.,  245;  Black  River,  Ark.  and  Mo.,  247;  White  River,  Ark.,  White 
River  above  Buffalo  Shoals,  Ark.,  248;  White  River  between  Jacksonport  and  Buf- 
falo Shoals,  White  and  Saint  Francis  rivers.  Ark.,  Saint  Francis  River,  Ark.,  240; 
Saline  River,  Ark.,  250;  L^Anguille  River,  Ark.,  251;  survey  of  Arkansas  River, 
Ark.,  from  Little  Rock  to  its  mouth;  continuation  of  survey  of  Arkansas  Rirer 
'from  Wichita,  Kans.,  to  Foit  Gibson,  Ind.  T.,  251 ;  examinations  and  surveys,  252. 

In  charge  of  Maj.  A.  M.  Miller,  Corps  of  Engineers— 

Removing  snags  and  wrecks  from  the  Mississippi  and  Missouri  rivers,  252;  Osaee 
River,  Kans.  and  Mo.,  Gasconade  River,  Mo.,  254;  Wabash  River,  Ind.  and  111.,. 
255;  White  River,  Ind.,  257;  examinations  and  surveys,  257. 

Mississippi  River  Commission 258" 

Missouri  River  Commission 258 

In  charge  of  Maj.  O.  H.  Ernst,  Corps  of  Engineers— 

Mississippi  River,  between  the  Illinois  and  Ohio  rivers,  harbor  and  Mississippi  River 
at  Alton,  Mississippi  River  opposite  the  city  of  Saint  Louis,  Mo.,  Mississippi  River 
at  or  near  Cape  Girardeau,  Mo.,  and  Minton  Point,  III.,  259;  examinations,  259. 

In  charge  of  Capt.  J[ames  B.  Quinn,  Corps  of  Engineers — 

Yellowstone  River,  Mont,  and  Dak.,  259;  Missouri  River  from  Sioux  City  to  Fert 
Benton,  Mont.,  260. 

In  charge  of  Maj.  Alexander  Mackenzie,  Corps  of  Engineehs — 

Upper  Mississippi  River,  operations  of  snag-boat,  ifec,  560;  Mississippi  River  frem 
Saint  Paul  to  the  Des  Moines  Rapids,  Mississippi  River  from  Des  Moines  Rapid«  to 
mouth  of  Illinois  River,  261 ;  harbius  of  refujj;e  on  Lake  Pepin,  removal  of  bar  in 
Mississippi  River  opposite  Dubuque,  Iowa,  ice  harbor  at  Dubuque,  Iowa,  262 ;  Ro«k 
Island  Rapids,  Mississippi  River,  harbor  at  Rock  Island,  111.,  De«  Moines  Riipids, 
Mississippi  River,  263;  operating  and  care  of  Des  Moines  Kapids  Canal,  264;  4rj 
dock  at  the  Des  Moines  Rapids  Canal,  Quiucy  Bay,  111.,  removing  obstructions  iB 
Mississippi  River,  265;  examinations  and  surveys,  2(>r>.  . 

In  charge  of  Maj.  Charles  J.  Allen,  Corps  of  Engineers — 

Preservation  of  Falls  of  Saint  Anthony,  Minn.,  266;  Mississippi  River  above  the  Falls 
of  Saint  Anthony,  Minn.,  267;  construction  of  lock  and  dam  on  Mississippi  River 
at  Meeker's  Island,  Minn.,  Chippewa  River,  Wis.,  268;  Cbipi>ewa  River  at  Yellew 
Banks.  Wis.,  Saint  Croix  River  below  Taylor's  Falls,  Minn,  and  W^is.,  269;  Minne- 
sota River,  Minn.,  Red  River  of  the  North,  Minn,  and  Dak.,  270;  lock  and  dara  mt 
Gooso  Rapids  on  Red  River  of  the  Norfh,  Minn,  and  Dak.,  271;  reservoirs  upett 
the  headwaters  of  the  Mississippi  River  and  its  tributaries,  272;  suiveys  for  reser- 
voirs at  the  sources  of  the  Mississippi,  Saint  Croix,  Chippewa,  and  Wisconetii 
rivers,  273. 

In  charge  of  Maj.  William  R.  King,  Corps  of  Engineers — 

Tennessee  River,  273;  Cumberland  River,  Tenn.  and  Ky.,  274;  Hiwassee  River, 
French  Broad  River,  Tenn.,  276;  Clinch  River,  Tenn.,  Dulk  River,  Tenn.,  277; 
Caney  Fork  River,  Tenn.,  Little  Tennessee  River,  Tenn.,  27^5;  South  Fork  Cuml»er- 
land  River,  Ky.,  279;  examinations  and  surveys,  279. 

In  charge  of  Lieut.  Col.  William  E.  Merrill,  Corps  of  Engineers,  Bvt.  Col., 
U.  S.  A.— 

Ohio  River,  Davis  Island  Movable  Dam,  2vS0;  operating  and  care  of  Louisville  and 
Portland  Canal,  281 ;  falls  of  the  Ohio  River  at  Louisville,  Ky.,  Mononj^ahela  River, 
W.  V».  and  Pa.,  lock  and  dam  No.  9,  Moncmgahela  Rivei,  282;  Allegheny  River, 
Pa.,  ice  harbor  at  mouth  of  Muskingum  River,  Ohio,  2H3;  harbor  ol  refuge  near 
Cincinnati,  Ohio,  harbor  of  refuge  mouth  Great  Kanawha  River,  W.  Va.,  284;  ex- 
aminations and  surveys,  284. 
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In  charok  of  Lieut.  C-ol.  W.  P.  Cbaiohill,  Corps  of  Engineers— 

Great  Kanawha  River,  W.  Va.,  285;  Elk  River,  W.  Va.,  286;  New  River  from  mouth 
of  Wil8.>u,  in  Grayson  Couufcy,  Va.,  to  mouth  of  Greenbrier  River,  W.  Va.,  287; 
examination  of  models  and  plans  for  movable  dams,  288;  examination,  288. 

In  charge  of  Capt.  James  C.  Post  Corps  of  Engineers — 

Kentacky  River,  Ky.,  288;  operating  and  keepinij  in  repair  locks  and  dams  on  Ken- 
tucky River,  Ky.,  Trade  water  River,  Ky.,  289;  Big  Sandy  River,  W.  Va.  and  Ky., 
Guyandotte  River,  W.  Va.,  290;  Little  Kanawha  River,  W.  Va.,  Buckhannon  River, 
W.  Va.,  291 ;  examination,  292. 

BRIDGING  NAVIGABLE  WATERS  OF  THE  UNITED  STATES. 

Bridge  across  Detroit  River,  between  Belle  Isle  and  the  American  shore;  bridge  across 
Willamette  River  at  Portland,  Oreg.,  292;  bridge  across  Monongahela  River,  near 
Fairmont,  W.  Va.,  bridge  of  the  Northern  Pacific  R.  R.  Co.  across  Saint  Louis 
River,  Minn,  and  Wis.,  293. 

LAKE  HARBORS  AND  RIVERS. 

In  charge  of  Maj.  Charles  J.  Allen,  Corps  of  Engineers— 

Harbor  at  Diiluth,  Minn.,  dredging  Superior  Bay,  Wis.,  294  ;  harbor  at  Grand  Marais, 
Minn.,  295  ;  examinations  and  surveys,  29(). 

In  charge  ok  Lieut.  Col.  .J.  W.  Barlow,  Corps  of  Eng'inerrs — 

Ontonagon  Harbor,  Mich.,  291) ;  Eagle  Harbor,  Mich.,  Marquette  Harbor,  Mich.,  297; 
harbor  of  refuge  at  Graud  Marais,  Mich.,  298;  Mauistique  Harbor,  Mich.,  harbor 
at  mouth  of  Cedar  River,  Mich.,  Menomonee  Harbor,  Mich.,  and  Wis.,  299; 
Oconto  Harbor,  Wis.,  :500:  Pousaukee  Harl)or,  Wis.,  301  ;  Green  Bay  Harbor,  Wis., 
harbor  of  refuge  at  entrance  of  Sturgeon  Bay  Canal,  Wis.,  302;  Ahnepee  Harbor, 
Wis.,  Kewaunee  Harbor,  Wis.,  30:1;  Two  Rivers  Harbor,  Wis.,  301;  Manitowoo 
Harbor,  Wis.,  Shel»oygan  Harbor,  Wis.,  305;  Port  Was^hington  Harhor,  Wis.,  306  ; 
examinations  and  surveys,  307. 

In  charge  of  Capt.  W.  L.  Marshall,  Corps  of  Engineers — 

Harbor  of  refuge,  Milwaukee  Bay,  Wis.,  307 ;  Milwaukee  Harbor,  Wis.,  Racine  Harbor, 
Wis.,  308  ;  Kenosha  Harbor,  Wis.,  Waukegan  Harbor,  111.,  309;  Fox  and  Wisconsin 
rivers,  Wis.,  'MO. 

In  CHARciE  OF  Maj.  W.  H.  H.  Benyaurd,  Corps  of  Engineers — 

ChicagJi  Harbor.  111.,  312;  Calumet  River,  111.,  Illinois  River,  111.,  313;  Calumet 
Harbor,  111.,  surveys  for  the  Hennepin  Canal  and  enla'*gement  of  the  Illinois  and 
Michigan  Canal,  314  ;  examinations  and  surveys,  314. 

In  charge  of  Capt.  D.  W.  Lockwood,  Corps  of  Encjineers— 

Charlevoix  Harbor,  Mich.,  Frankfort,  Harbor,  Mich.,  315:  harbor  of  refuge  at  PortJ 
age. Lake,  Mich.,  Manistee  Harbor,  Mich.,  3l():  Ludington  Harbor,  Mich.,  317  ^ 
Pentwater  Harbor,  Mich.,  White  River  Harbor,  Mich.,  318;  Musk(*.gon  Harbor, 
Mich.,  (irand  Haven  Harbor.  Mich.,  319;  Grand  River,  Mich.,  Black  Lake  Harbor, 
Mich.,  .320;  Sangatuek  Harbor,  Mich.,  South  Haven  Harbor,  Mich.,  Saint  .Joseph 
Harbor,  Mich.,  321  ;  New  Bnflalo  Harbor,  Mich.,  Michigan  City  Harbor,  Ind.,  322; 
examination,  3*24. 

In  charge  of  Lieut.  Col.  O.  M.  Poe,  Corps  of  Engineers,  Bvt.  Buig.  Gen., 
U.  S.  A. — 

Hay  Lake  Channel,  Saint  Mary's  River,  Mich.,  324  :  Saint  Mary's  Falls  Canal  and 
River,  Mich.,  onerating  and  care  of  Saint  Mary's  F'alls  Canal,  Mich.,  32r)  ;  dry  dock 
at  Sain£  Mary's  Falls  Canjil,  Mich.,  harbor  at  Cheboygan,  Mich,  326;  harbor  at 
Thunder  Bay,  Mich.,  harbor  at  An  Sable,  Mich.,  Saginaw  River,  Mich.,  327  ;  harbor 
of  refuge.  Sand  Beach,  Lake  Huron,  Mich  ,  32  * ;  ice-harbor  of  refuge,  Belle  l^iver, 
Mich.,  repairs  of  Saint  Clair  Flats  Canal,  Mich.,  329;  operating  an<l  care  of  Saint 

-  Clair  Flats  Ship-Canal,  Mich.,  Clinton  River,  Mich.,  330  ;  Detniit  River,  Mich.,  331 ; 
examinations  and  surveys,  3'.}2. 
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In  charos  op  Maj.  L.  Cooper  Overman,  Corps  of  Engineers — 

Monroe  Harbor,  Mich.,  332;  Toledo  Harbor,  Ohio,  333;  Port  Clinton  Harbor,  Ohio, 
334 ;  Sandusky  City  Harbor,  Ohio,  335 ;  Sandusky  River,  Ohio,  Huron  Harbor, 
Ohio,  337;  Vermillion  Harbor,  Ohio,  31^8;  Mouth  of  Black  River,  .Ohio,  Rocky 
River,  Ohio,  3".^;  Cleveland  Harbor,  Ohio,  340:  Fairport  Harbor,  Ohio,  341;  Ash- 
tabula Harbor,  Ohio,  342 ;  Conneaut  Harbor,  Ohio,  Dunkirk  Harbor,  N.  Y.,  343 ; 
examination,  344. 

In  charge  of  Capt.  Edward  Maguire,  Corps  of  Engineers — 

Erie  Harbor,  Pa.,  344  ;  Buffalo  Harbor,  N.  Y.,  345  ;  Niagara  River,  N.  Y.,  Wilson  Har- 
bor, N.  Y.,  346;  Olcott  Harbor,  N.  Y.,  Oak  Orchard  Harbor,  N.  Y.,  347:  Charlotte 
Harbor,  N.  Y.,  348;  Pultneyville  Harbor,  N.  Y.,  Great  Sodus  Harbor,  N.  Y.,  349; 
Little  6odu8  Harbor,  N.  Y.,  Oswego  Harbor,  N.  Y.,  350;  Sackett's  Harbor,  N.  Y., 
352 ;  examinations  and  surveys,  352. 

In  charge  of  Maj.  Milton  B.  Adams,  Corps  of  Engineers — 

Ogdensburg  Harbor,  N.  Y.,  Grass  River,  N.  Y.,  353;  breakwater  at  Rouse's  Point, 
Lake  Champlain,  N.  Y.,  S wanton  Harbor,  Vt.,  354  ;  Plattsburg  Harbor,  N.  Y.,  Bur- 
lington Harbor,  Vt.,  355 ;  Otter  Creek,  Vt.,  Ticonderoga  River,  N.  Y.,  356 ;  examina- 
tions and  surveys,  357. 

PACIFIC  COAST. 

In  charge  of  Lieut.  Col.  George  H.  Mendell,  Corps  of  Engineers — 

Oakland  Harbor,  Cal.,  .*557  ;  Wilmington  Harbor,  Cal.,  Redwood  Harbor,  Cal.,  358; 
Petal uma  Creek,  Cal.,  removal  of  sunken  vessels  or  craft  obstructing  or  endanger- 
ing navigation,  359  ;  examinations  and  surveys,  360. 

In  charge  of  Col.  C.  Seafortm  Stewart,  Corps  of  Engineers — 
Harbor  at  San  Diego,  Cal.,  360. 

In  charge  of  Capt.  A.  H.  Payson,  Corps  of  Engineers — 

Humboldt  Bay,  Cal.,  San  Joaquin  River,  Cal.,  1^1 ;  Mokelumne  River,  Cal.,  Sacramento 
and  Feather  rivers,  Cal.,  3b2;  Colorado  River,  Nov.,  Cal.,  and  Ariz.,  363;  examina- 
tion, :363. 

In  charge  of  Capt.  Charles  F.  Powell,  Corps  of  Engineers — 

Columbia  and  Willamette  rivers,  below  Portland,  Oreg.,  mouth  of  Columbia  River, 
Oreg.  and  Wash.,  364  ;  entrance  to  Coos  Bay,  Oreg.,  eutranc*^  to  Yaquina  Bay,  Oreg., 
365;  mouth  of  Coquille  River,  Oreg.,  366;  Skagit,  Steilaquamish,  Nootsack,  Snoho- 
mish, and  Snoqualmie  rivers.  Wash.,  Chehalis  River,  Wash.,  367;  gauging  waters 
of  Columbia  River  and  principal  tributaries,  368;  examination,  368. 

In  charge  of  Maj.  W.  A.  Jones,  Corps  of  Engineers — 

Upper  Willamette  River,  Oreg.,  369;  Columbia  River  at  the  Cascades,  Oreg.,  Upper 
Columbia  and  Snake  rivers,  Oreg.  and  Wavsh.,  370;  Cowlitz  River,  Wash.,  Lower 
Clearwater  River,  Idaho,  371 ;  examinations  and  surveys,  371. 
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In  charge  of  Maj.  G.  J.  Lydecker,  Corps  of  Engineers— 

Washington   Aqueduct,  372;  increasing  water  supply  to  city  of  Washington,  373; 
erection  of  fishways  at  Great  Falls  of  the  Potomac,  374. 
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Mass.,  519;  harbor  of  refuge  at  Sandy  Bay,  Cape  Ann,  Mass.,  520. 

Examinations  and  Surveys.— Harbor  at  Marbiehead,  Mass.,  for  repair  of  sea-wall; 
harbor  at  Salem,  Mass.,  with  a  view  to  building  a  jetty  running  out  from  the  main- 
land to  deep  water,  537;  channel  from  Goose  Point,  in  Plymouth  Harbor,  Mass.,  to 
the  wharf  of  the  Cordage  Company,  5IW;  harbor  at  Gloucester,  Mass.,  witli  a  view 
to  the  removal  of  rock  obstructions,  540;  Fort  Point  Channel,  Boston  Harbor,  .543 ; 
Powow  River,  Mass.,  549;  Hingham  Harlmr,  Mass.,  553. 

APPENDIX  C. 

REPORT    OF   LIEUT.    COL.   GEORGE    H.    ELLIOT,  CORPS   OF   ENGINEERS. 

Improvements. — Harbor  of  refuge  at  Hyannis,  Mass.,  560;  harbor  of  refuge  at  Nan- 
tucket, Mass.,  561  ;  Wood's  Holl  and  harbor  of  refuge  at  Wood's  Holl,  ^lass.,  58U; 
Wareham  Harbor,  Mass.,  485  ;  Taunton  River,  Mass.,  5ms  ;  Pawtucket  River,  R.  L, 
592  ;  Providence  River  and  Narragausett  Bay,  R.  I.,  596  ;  Newport  Harbor,  R.  I.,603  : 
harbor  of  refuge  at  Block  Island,  R.  I.,  606;  Little  Narragausett  Bay,  R.  I.  and 
Conn.,  615  ;  harbor  of  refuge  at  Stonington,  Conn.,  616. 

EXA^iiNATiONS  AND  SURVEYS. — H.arbor  at  Hyauuis.  Mass.,  with  a  view  of  deepen- 
ing the  harbor,  619;  Pawcatuck  River,  R.  L,  622;  WarrenRiver,  R.  I.,  with  a  view 
to  the  removal  of  obstructions  from  the  channel,  625. 

APPENDIX  D. 

REPORT   OF  LIEUT.  COL.  WALTER  McFARLAND,  CORPS    OF  ENGINEERS. 

Improvements. — Connecticut  River,  Mass.  and  Conn.,  &,i2  ;  Thames  River,  Conn.,  638; 
New  London  Harbor,  Conn.,  641 ;  Clinton  Harbor,  Conn.,  643  ;  New  Haven  Harbor, 
Conn.,  644  ;  breakwater  at  New  Haven  Harbor,  Conn.,  646  ;  Milford  Harbor,  Conn., 
648;  Housatonic  River,  Conn.,  649;  Bridgeport  Harbor.  Conn.,  651 ;  Black  Rook 
Harbor,  Conn.,  653;  Southport  Harbor,  Conn.,  655;  Norwalk  Harbor,  Conn.,  656; 
Port  Chester  Harbor,  N.  Y.,658;  New  Rochelle  Harbor,  N.  Y.,  660;  Echo  Harbor, 
New  Rochelle,  N.  Y.,  661 ;  Mamaroneck  Harbor,  N.  Y.,  662 ;  Green  port  Harbor, 
N.  Y.,  664;  Port  Jefferson  Harbor,  N.  Y.,  665;  Flushing  Bay,  N.  Y.,  666  ;  Newtown 
Creek,  N.  Y.,  668  ;  Buttermilk  Channel,  N.  Y.,  670;  Gowanus  Bay,  N.  Y.,  672;  Har- 
lem River,  N.  Y.,  674;  Hudson  River,  N.  Y.,  677;  Harbor  at  Rondout,  N.Y.,  697; 
Harbor  at  Sangerties,  N.  Y.,  699  ;  removing  sunken  vessels  or  craft  obstructing  or 
endangering  navigation,  700. 
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ExAMiNATioxs  AND  SUKVEYS. — Horton's  Pomt,  N.Y.,  near  Dutch  [Duck]  Pond  Point, 
for  breakwater,  701;  Huntington  Harbor,  N.  Y.,  7Q3;  breakwater  at  Falkner's 
Island,  Conn.,  707  ;  river  and  harbor  at  Niantic,  Conn.,  710;  Hudson  River,  from 
Troy  to  mouth  of  canal,  N.  Y.,  711. 

APPENDIX  E. 

REPORT  OF  BRIG.  GEN.  JOHN  NEWTON,  CHIEF  OF  ENGINEERS,  BVT.  MAJ. 

GEN.,  U.  S,  A. 

Improvement.— Removing  obstructions  in  East  River  and  Hell  Gate,  N.  Y.,  715. 

APPENDIX  F. 

REPORT  OF   MAJ.    GEORGE   L.   GILLESPIE,  CORPS  OF   ENGINEERS,  BVT. 

LIEUT.  COL.,  U.  S.  A. 

• 

Improvements. — East  Chester  Creek,  N.  Y.,  738;  Canarsie  Bay,  N.  Y.,  739 ;  Sheeps- 
head  Bay,  N.  Y.,740;  Sumpawanus  Inlet,  N.  Y.,742;  Cheesequakes  Creek,  N.  J., 
743;  Passaic  River,  above  Newark,  N.  J.,  744;  Passaic  River,  below  Newark,  and 
removing  shoals  in  Newark  Bay,  N.  J.. 746;  channel  between  Staten  Island  and 
New  Jersey,  749 ;  Shrewsbury  River,  N.  J.,  751;  Rah  way  River,  N.  J.,  753;  Elizabeth 
River,  N.  J.,  Woodbridge  Creek,  N.  J.,  754;  Manasquau  River,  N.  J., 756;  Raritan 
Bay,  N.  J.,  757 ;  Raritan  River,  N.  J.,  759 ;  Mattawau  Creek,  N.  J.,  Key  port  Harboi, 
N.  J.,  763;  South  River,  N.  J., 764;  Gedney's  Channel,  New  York  Harbor,  766;  re- 
moving sunken  vessels  or  craft  obstrnctinjj  or  endangering  navigation,  787. 

Examinations  and  Surveys.— Baldwin  River,  N.  Y.,  at  Baldwin  Station,  to  con- 
nect with  Long  Branch,  789;  Hudson  River,  on  the  New  Jersey  side,  from  Wee- 
hawken  to  Bergen  Point,  Hudson  County,  N.  J.,  with  a  view  to  deepening  the 
water  at  the  wharf  on  that  side,  790. 

APPENDIX  G. 
REPORT  OF  LIEUT.  COL.  HENRY  M.  ROBERT,  CORPS  OF  ENGINEERS. 

Improvements. — Delaware  River,  from  Trenton,  N.  J.,  to  its  mouth,  798;  Delaware 
River,  between  Trenton,  N.  J.,  and  Bridesburg,  Pa.,  833;  Delaware  River,  below 
Bridesburg,  Pa.,  8'M:  Delaware  River,  at  Schooner  Ledge,  835;  Delaware  River, 
near  Cherry  Island  Flats,  Frankford  Creek,  Pa., 836;  Schuylkill  River,  837;  ice- 
harbor  at  Marcus  Hook,  Pa.,  839;  ice-harbor  at  the  head  of  Delaware  Bay,  Del., 
840;  construction  of  iron  pier  in  Delaware  Bay,  near  Lewes,  Del.,  845;  Delaware 
Breakwater  Harbor,  Del..  846;  Rancocas  River,  N.  J. ,849;  Woodbury  Creek,  N.  J., 
Mantua  Creek,  N.  J. ,850;  Raccoon  River,  N.  J.,H5l;  Salem  River,  N.  J.,  852; 
Cohansey  Creek,  M.  J., 853;  north  branch  of  Susquehannah  River,  Pa.,  854;  re- 
moval of  wrecks  from  Delaware  Bay  and  River,  renioving  sunken  vessels  or  craft 
obstructing  or  endangering  navigation,  h55 ;  United  States  commission  advisory 
to  the  board  of  harbor  commissioners  of  Philadelphia,  Pa.,  857. 

Examinations. — Corson's  Sound  and  Townsend  Inlet,  N.  J.,8o8;  mouth  of  Salem 
River,  N.  J.,  860;  harbor  of  Atlantic  City,  at  Abseconi  Inlet,  N.  J.,  86*2;  west  branch 
of  thi»  Susqnehanna  River,  Pa.,  between  Salt  Lick  and  Buttermilk  Falls,"864. 

APPENDIX  n. 

REPORT  OF  MR.  WILLIAM  F.  SMITH,  UNITED  STATES  AGENT. 

Improvemknts,— Maurice  River,  N.  J.,  868  ;  Wilmington  Harbor,  Del.,  869;  ice-har- 
bor at  New  Castle,  Del.,  87*2;  Duck  ('reek,  Del.,  H76;  Saint  Jones  River,  Del.,  877; 
Mispillion  Creek,  Del.,  878 ;  Broadkiln  River,  D«'l.,879:  Broad  Creek,  Del.,  from 
its  month  to  Laurel,  880;  Indian  River,  Del.,  881  ;  Susquehanna  River  above  and 
below  Havre  {leGra<*e,  Md.,  8H2  :  Elk  River,  M<1.,  ^'^  ;  Chester  River  at  Kent  Island 
Narrows,  Md.,  Chester  River  from  Sprye's  Landing  to  Crunipton,  Md.,  Corsica 
Creek,  Md.,884;  hnrbor  at  Annapolis,  M<1.,  ChoptaJik  River,  Md.,  886;  harbor  of 
Cambridge,  Md.,  Wicomico  River,  Md.,  888;  Upper  Thoroughfare,  between  DeiPs 
Island  and  the  mainland,  Md.,  Sri[);  removing  sMn^xen  vessels  or  craft  obstructing  or 
endangering  navigation,  890. 
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Examinations  and  Surveys.— Harbor  at  Easton  Point,  Md.,  commenciDg  at  a  point 
on  Tread  Haven  River  where  the  Government  work  on  the  channel  of  said  river  was 
recently  suspended,  890;  Lewes  Creek  and  Rehoboth  Bay,  Del.,  Assateague  and 
Chincoteauge  bays,  Md.,  with  a  view  to  form  continuous  inland  navigation  from 
Cbincotea^ue  Bay,  iu  Virginia,  to  Delaware  Bay,  at  or  near  Lewes,  Del.,  891 ;  Po- 
comoke  River  and  Sound,  Md.,  904;  Skipton  Creek,  Md.,  907;  Tuckahoe  Creek, 
Md.,  908 ;  Sas.safras  River,  Md.,  above  Georgetown,  91:;^. 

PART   II. 
APPENDIX  I. 
REPORT  OF  LIEUT.  COL.  WILLIAM  P.  CRAIGHILL,  CORPS  OF  ENGINEERS. 
Improvembnt. — Patapsco  River  and  channels  to  Baltimore,  Md.,  917. 

APPENDIX  J. 

REPORT  OF   MA  J.  PETER  C.  HAINS,  CORPS  OF   ENGINEERS,  BVT.  LIEUT. 

COL.,  U.  S.  A. 

Improvements. — Harbors  at  Washington  and  Georgetown,  D.  C,  923 ;  Potomac  River     • 
at  Washington,  D.  C.,926;  James  River,  Va.,  944  ;  Shenandoah  River,  W.  Va.,  957. 

APPENDIX  K. 

REPORT  OF  MR.  S.  T.  ABERT,  UNITED  STATES  AGENT. 

Improvements.— Channel  at  Mount  Vernon,  Va.,  Neabaco  Creek,  Va.,  9()*2;  Breton 
Bay,  Leonardtown,  Md.,  964;  Nomini  Creek,  Va.,966;  harbor  at  entrance  of  Saint 
Jerome's  Creek,  Md.,  968 ;  Rappahannodv  River,  Va.,  971 ;  Totusky  River,  Va.,  976 ; 
Urbana  Creek,  Va.,  977;  Mattaponi  River,  Va.,  979;  Pamunky  River,  Va.,  982; 
York  River,  Va.,984;  Chickahomiuy  River,  Va.^  987;  Staunton  River,  Va.,  989, 
992;  Dan  River,  between  Madison,  N.  C,  and  Danville,  Va.,  99^^;  Roanoke  River, 
N.  C.,  995;  French  Broad  Kivei-,  N.C.,  997. 

Examinations  and  Surveys. — Cockpit  Point,  Va.,  for  ice-harbor,  999;  Colonial 
Beach,  formerly  White  Point,  in  county  of  \Ve8tm<ireland,  Va.,  1001. 

APPENDIX  L. 
REPORT  OF  CAPT.  F.  A.  HINMAN,  CORPS  OF  ENGINEERS. 

Improvements. — Harbor  at  Norfolk,  Va.,  1008;  approach  to  Norfolk  Harbor  and  the 
United  States  (Norfolk)  navy-yard,  between  Lambert's  Point  and  Fort  Norfolk, 
Va.,  1017;  Appomattox  River,  Va.,  1029  ;  Nottoway  River,  Va.,  Blackwater  River, 
\a.,  10*.53;  Archer's  Hope  River,  Va.,  10,34;  North  Landinjj  River,  Va  and  N.  C, 
1035;  Edeiiton  Bay,  N.  C,  1038;  Currituck  Sound,  Coanjok  Bay,  and  North  River 
Bar,  N.  C,  1<'39  ;  Meherrin  River.  Paniplico  and  Tar  rivers,  N.  C,  1041;  Yadkin 
River,  N.  C,  1042;  Scuppernong  River.  N.  C,  removing  sunken  ves-selsor <;raft  ob- 
structing or  endangering  navigation.  1(M4. 

Examinations  and  Surveys. — Per«]niman'8  River  above  Hartford  [Hertford],  N. 
C,  1045  ;  Green  River,  N.  C,  1046;  Pa8<[Uotank  River,  N.  C,  above  mouth  of  canal, 
1049;  Cashie  River,  from  it«  mouth  to  the  town  of  Wiudsor,  in  Bertie  County,  N. 

c,  10.5:1 

APPENDIX  M. 

REPORT  OF  CAPT.  WILLIAM  H.  BIXBY,  CORPS  OF  ENGINEERS. 

Improvements.— Contentnea  Creek,  N.  C,  1060;  Trent  River,  N.  C,  1062;  Neuse 
River,  N.  C,  1065;  inland  navigation  from  New  Berne  to  Beaufort  Harbor,  via 
Clubfoot,  Harlowe,  and  Newport  rivers,  N.  C,  1070;  harbor  at  Beaufort,  N.  C. 
1076;  New  River,  N.  C,  1082;  Cape  Fear  River  above  Wilmington,  N.  C,  1083 
Cape  Fear  River  below  Wilmington,  N.  C,  1087;  Great  Pedee  River,  S.  C,  1100 
Waccanjaw  River,  S.  C,  1105;  harbor  at  Georgetown,  S.  C,  1114;  Sautee  River,  S. 
C,  1119;  Wateree  River,  S.  C,  1123. 
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Examinations  and  Surveys. — Northeast  Branch  of  Cape  Fear  River,  N.  C,  1138; 
Bogno  Sound,  N.  C,  between  New  River,  and  B«'aufort,  1133;  Congaree  Kiver,  8. 
C,  1140;  Black  River,  N.  C,  1145;  entrance  to  Winyaw  Bay,  near  Georgetown,  6. 
C,  1154. 

APPENDIX  N. 

REPORT   OF   COL.    Q.    A.   GILLMORE.  CORPS   OF   ENGINEERS,   BVT.    MAJ. 

GEN.,  U.  S.  A. 

Improvements.— Charleston  Harbor,  S.  C,  1172;  Wappoo  Cnt,  S.  C,  1186;  Ashley 
River,  S.  C,  llcfe;  Edisto  River,  8.  C,  1190;  Salkiehatchie  River,  S.  C,  1192; 
Savannah  Harbor  and  River,  Ga.,  1195;  Savannah  River,  Ga.,  1207;  Savannah 
River  abov«  Augusta,  Ga.,  12i:J;  Saint  Augustine  Creek  (Thunderbolt  River),  Ga., 
1214;  RouHMly  Marsh,  Ga.,  1215;  Altaniaha  River,  Ga.,  1218;  Brunswick  Harbor, 
Ga.,  1224  ;  enlrance  to  Cumberland  Sound,  Ga.  and  Fla.,  1229;  inside  passage  be- 
ween  Fernandina  and  Saint  John's  River,  Fla.,  1234. 

Examinations  and  Surveys.— Altaniaha  River,  Ga.,  from  Darien  to  its  mouth,  1234; 
Darien  Harbor,  Ga.,  1237. 

APPENDIX  O. 

REPORT  OF  CAPT.  WILLIAM  T.  ROSSELL,  CORPS  OF  ENGINEERS. 

Improvkments.— Saint  John's  River,  Fla.,  1243;  Upper  Saint  John^s  River,  Fla, 
1253;  Volusia  Bar,  Fla.,  1254;  Apahuhieola  Bay,  Fla.,  1258;  Tampa  Bay,  Fla., 
12()2;  Suwanee  Riv(^r,  Fla.,  1205  ;  Key  West  Harlior,  Fla.,  1207;  Pease  Creek,  Fla., 
1208;  harbor  at  Cedar  Keys,  Fla.,  1270;  Manatet*.  River,  Fla.,  1272;  Caloosahatchee 
River,  Fla.,  1273;  Apalachicoln  River,  Fla.,  1275;  Withlacoochee  River,  Fla.,  1277  ; 
removing  sunken  vessels  or  craft  obstructiug  or  endangering  navigation,  1279. 

Examinations  and  Surveys.— Anclote  Harbor,  Fla,  12S0;  Wekiva  River,  Fla.,  1281 ; 
Saint  Augustine  Harbor,  Fla.,  1282;  Amelia  River,  Fla.,  1284;  Charlotte  Harbor, 
Fla.,  128(> :  Mosfjuito  Inlet,  Fla.,  1287;  for  canal  and  inland  communication  from 
Saint  John's  River  through  Moscjuito  Lagoon  and  Indian  River  to  Jupiter  Inlet  and 
Lake  Worth,  Fla.,  1291. 

APPENDIX  P. 

REPOHT  OF  CAPT.  R.  L.   HUXIE,  COKPS  OF  ENGINliERS. 

ImprovemenTvS. — Ocmulgee  River,  Ga.,  1295;  Oconee  River,  Ga.,  P^J7 ;  Flint  River, 
Ga.,  1298;  Oostenaula  and  Coosawattee,  rivers.  Ga.,  1300;  Coosa  River,  Ga.  and 
Ala.,  1301;  Chattahoochee  Kiver,  (Ja.  ami  Ala.,  1303;  Alabama  River,  Ala.,  1306; 
Tallapoosa  River,  Ala.,  1307;  Cahal>a  River,  Ala.,  1308:  Escaiubia  and  Conecuh 
rivers,  Fla.  and  Ala.,  1309;  Choctawhatchet?  River,  Fla.  and  Ala.,  1311;  Bayou  La 
Grange,  Fla.,  liU2;  harl>or  at  Peusaeola,  Fla.,  1313. 

Examinations  and  Suuvky.s. — Outer  and  inner  bars  at  the  entrance  of  Peusaeola 
Harbor,  Fla.,  1310;  Clearwater  Harbor,  Fla.,  1323;  Upper  Oconee  River,  Ga.,  from 
Skull  Shoals  to  the  (ieorgia  railroad  bridge,  1329. 

.  APPENDIX  Q. 

REPORT  OF  MAJ.  A.  N.  DAMRELL,  CORPS  OF  ENGINEERS. 

Improvemknts. — Mobih'  Harbor,  Ala.,  133(>;  Warrior  River,  Ala.,  1345;  Tombigbee 
River,  from  P'ulton  to  Vieuna,  1351:  Tombigbee  River,  beJow  Vienna,  1350;  Black 
Warrior  River,  from  Tuscaloosa  to  Daniel's  ('reek,  Ala.,  1:551;  Old  Town  Creek, 
Miss.,  1:555;  Noxubee  River,  Miss.,  135();  Pascagoula  River,  Miss.,  1:558;  roadstead 
leading  into  Back  I5ay,  Bih)xi,  and  Biloxi  Channel,  Miss.,  1:500;  Horn  Island  Pass, 
Miss  ,  i;501 ;  Pearl  River,  Miss.,  below  Jackson,  i:5()3  ;  Pearl  River,  Miss.,  from  Jack- 
son to  Carthage,  i:5(J9;  Pearl  River,  Miss.,  between  Edinburg  and  Carthage,  1:571. 

Examinations  and  Surveys. — Homosassa  Bay,  Fla.,  Back  Bay  at  Handsborough, 
Miss.,  1:573;  Mobile  River  and  Harbor,  from  lower  anchorage  up  to  the  northern 
limits  of  the  city  of  Mobile,  with  a  view  to  securing  23  feet  depth  of  water,  1374. 
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APPENDIX  R. 

REPORT  OF  MAJ.  W.  H.  HEITER,  CORPS  OF  ENGINEERS. 
Inspkction. — Iniproveinont  at  tbe  South  Pass  of  the  Mississippi  River,  1377. 

APPENDIX  S. 

REPORT  OF  MAJ.  W.  H.  HEUER,  CORPS  OF  ENGIN^fERS. 

Improvements. — Amite  River,  La.,  1:^91;  TangipahoH  River,  La.,  1393;  Tchefuncte 
River,  La.,  1394;  Tiekfaw  River,  La.,  139H;  Bayou  Teche,  La.,  1397;  counectiug 
Bayou  Teche  with  Grand  Lake  at  Cliareutou,  La.,  1399;  Bayou  Black,  La.,  1400; 
Bayou  Courtableau,  La.,  1403;  Bayou  Terrebcuine,  La.,  1407;  Bayou  La  Fourche, 
La.,  1408;  Calcasieu  River,  La.,  1409;  Calcasieu  Pass,  La.,  1414:  Sabiiu^  Pass  and 
Blue  Buck  Bar,  Tex.,  1415;  Sabine  River,  La.  and  Tex.,  1425;  Neches  River,  Tex., 
142G;  removing  sunken  vessels  or  craft  obstructing  or  endangering  navigation, 
1427. 

EXA.MINATIONS  AND  Surveys.— Honiochitto  River,  Miss.,  14*29;  Buffalo  River,  Miss., 
1430;  Bayou  Placiueminr,  La..  1431;  Atchafalaya  River,  La.,  above  Berwick  Bay, 
1432;  Bayou  Pierre,  Miss.,  1439;  Natalbany  River,  La.,  144fi. 

APPENDIX  T. 

REPORT  OF  MAJ.  S.  M.  MANSFIELD,  CORPS  OF  ENGINEERS,   BVf.  LIEUT. 

COL.,  U.  S.  A. 

Improvements. — Entrance  to  Galveston  Harbor,  T<*x.,  1449;  ship-channel  in  Gal- 
veston Bay,  Tex.,  14.54;  Trinity  River,  Tex.,  1455;  Buffalo  Bayou,  Tex.,  1457  ;  chan- 
nel over  the  bar  at  mouth  of  Brazos  River,  Tex.,  14()0 ;  Pass  Cavallo  Inlet  to  Mata- 
gorda Bay,  Tex.,  1462;  Aransas  Pass  and  Bay,  up  to  Rockporfc  aud  Corpus  Christi, 
Tex.,  1404;  harbor  at  Brazos  Santiago,  Tex.,  146S  ;  protection  of  river  bank  utFort 
Brown,  Tex.,  1470. 

APPENDIX  U. 

REPORT  OF  CAPT.  ERIC  BERGLAND,  CORPS  OF  ENGINEERS. 

Improvements. — Red  River,  La.  and  Ark.,  1472;  survey  of  Bayou  Pierre,  La.>  1487  ; 
Cypress  Bayou,  Tex.  and  La.,  1493;  Cane  River,  La.,  1495;  Loggy  Bayou,  Lake 
Bisteneau  and  the  Dorcheat,  La.,  1496 ;  Ouachita  and  Black  rivers,  Ark.  and  La., 
1497;  Bayou  Bartholomew^  La.  and  Ark.,  1501 ;  Bayou  BoBuf,  La.,  1502;  Tensas 
River  and  Bayou  Ma^on,  La.,  1504;  Bayou  D'Arbonne,  La.,  1505;  Yazoo  River, 
Miss.,  1507;  Big  Sunflower  River,  Miss.,  1511;  Tchula  Lake,  Miss.,  1514;  Talla- 
hatchee  River,  Miss.,  1517;  Coldvvater  River,  Miss.,  1518;  Yallabusha  River,  Miss., 
1519  ;  Steele's  Bayou,  Miss.,  1522  ;  Big  Black  River,  Miss.,  1524  ;  Big  Hatchee  River, 
Tenn..  1527;  South  Forked  Deer  River,  Tenn.,  1529;  water-gauges  on  the  Missis- 
sippi River  and  its  principal  tributaries,  15*.I2. 

Examinations  and  Surveys. — Cassidy's  Bayou,  Miss.,  1534;  Yazoo  Pass,  Miss.,  to 
determine  the  cost  of  a  lock  at  that  place,  1537  :  Deer  Creek,  Miss.,  153H  ;  outlets  of 
Bdiuf  River,  La.,  with  a  view  to  closing  same,  1545;  Bayou  Bartholomew,  Ark., 
from  present  head  of  navigation  to  Lincoln  County  line,  1548;  Cypress  Bayou  and 
the  lakes  between  Jefferson,  Tex.,  and  Shreveport,  La.,  1552. 

APPENDIX  V. 

REPORT  OF  CAPT.  H.  S.  TABER,  CORPS  OF  ENGINEERS. 

Improvkments. — Removing  obstructions  in  Arkansas  River,  Ark.,  1.558;  Arkansas 
River  between  Fort  Smith  aud  Wichita,  Kans.,  1561;  Arkansas  River  at  Fort 
Smith,  Ark.,  1563;  Arkansas  River  at  Pine  Bluff,  Ark.,  1564;  Black  River,  Ark. 
and  Mo.,  1583;  White  River,  Ark.,  1586;  W^hite  River  above  Buffalo  Shoals,  Ark., 
1591;  White  River  between  Jacksonport  and  Buffalo  Shoals,  1593;  White  and  Saint 
Francis  rivers,  Ark.,  1594;  Saint  PVancis  River,  Ark.,  1595;  Saline  River,  Ark., 
1698;  L'Anguille  River,  Ark.,  1600. 
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Examinations  and  Surveys.— Survey  of  Arkansas  River  from  Little  Rock  to  ite 
mouth,  1601 ;  continuation  of  survey  of  Arkansas  River  from  Wichita,  Kans.,  to  Fort 
Gibson,  Ind.  T.,  1611;  Little  Red  River,  Ark.,  1612;  Red  River  above  Fulton,  Ark., 
1617  ;  Petit  Jean  River,  Ark.,  1627. 

appendix:  w. 

REPORT  OF  MAJ.  A.  M.  MILLER,  CORPS  OF  ENGINEERS. 

iMPROVEMENTiL — Removing  suags  and  wrecks  from  the  Mississippi  and  Missouri 
rivers,  16:^3,1652:  Osage  River,  Kans.  and  Mo.,  1636;  Gasconade  River,  Mo.,  1637, 
1654;  Wabash  River,  lud.  and  111.,  163?i;  White  River,  Ind.,  1642. 

Examinations. — Nish-ua-botna  [Nishnabotana]  River,  with  a  view  to  increasing  the 
depth  of  channel  in  the  Missouri  River,  1643;  Kankakee  River,  Ind.,  1645;  Wabash 
River,  Ind.,  from  Logansport  to  Delphi,  1649. 

APPENDIX  X. 

REPORT  OF  MAJ.  O.  H.  ERNST,  CORPS  OF  ENGINEERS. 

Improvements. — Mississippi  River  between  the  Illinois  and  Ohio  rivers,  1655*;  harbor 
and  Mississippi  River  at  Alton,  Mississippi  River  opposite  the  city  of  Saint  Louis^ 
Mo.,  Mississippi  River  at  or  near  Cape  Girardeau,  Mo.,  and  Minton  Point,  111.,  1656. 

Examination. — Osage  River,  Mo.,  from  mouth  to  Linn  Creek,  with  a  view  to  mova- 
ble locks  and  dams,  1657. 

APPENDIX  Y. 

REPORT  OF  CAPT.  JAMES  B.  QUINN,  CORPS  OF  ENGINEERS. 
Improvement. — Yellowdtone  River,  Mont,  and  Dak.,  1659. 

PART    III. 
APPENDIX  Z. 

REPORT  OF  MAJ.  ALEXANDER  MACKENZIE,  CORPS  OF  ENGINEERS. 

Improvements. — Upper  Mississippi  River,  operations  of  snag-boat,  &c.,  1662;  Mis* 
sissipi)i  River  from  Saint  Paul  to  the  Drs  Moines  Rapids,  1667;  Mississippi  Rapids 
from  Des  Moines  Rapids  to  month  of  Illinois  River,  1685  ;  harbors  of  refuge  on  Lake 
Pepin,  1687;  renioval  of  bar  in  Mississippi  River  opposite  Dubuque,  Iowa,  ice-har- 
bor at  Dubuque,  Iowa,  1691 ;  Rock  Island  Rapids,  Mississippi  River,  1694  ;  harbor 
at  Rock  Island,  111.,  1695;  Des  Moines  Ra[)ids,  Mississippi  Riv.er,  1697;  operating 
and  care  of  Des  Moines  Rapids  Canal,  1700 ;  dry-dock  at  the  Des  Moines  Rapids 
Canal,  1707;  Quincv  Bay,  111.,  1709;  removing  obstructions  in  Mississippi  River, 
1710. 

Examinations  AND  Surveys.— Sny  Island  Levee,  111.,  on  the  Mississippi  River,  1710; 
bar  and  obstructions  at  or  near  the  mouth  of  Whipple  Creek,  in  Quincy  Bay,  111., 
1717  ;  Mississippi  River  in  the  vicinity  of  Guttenberg,  Iowa,  1718. 

APPENDIX  A  A. 

REPORT  OF  MAJ.  CHARLES  .L  ALLEN,  CORPS  OF  ENGINEERS. 

Improvements. — Preservation  of  Falls  of  Saint  Anthony,  Minn.,  1721;  Mississippi 
River  above  the  Falls  of  Saint  Anthony,  Minn.,  1731 ;  construction  of  lock  and  dam 
on  Mississippi  River  at  Meeker's  Island,  Minn.,  1733;  Chippewa  River,  Wis.,  1734; 
Chippewa  River  at  Yellow  Banks,  Wis.,  1737  ;  Saint  Croix  River  below  Taylor's  Falls, 
Minn,  and  Wis.,  173*^ ;  Minnesota  River,  Minn.,  1741 ;  Red  River  of  the  North,  Minn, 
and  Dak.,  1742;  lock  and  dam  at  Goose  Kapids  on  Red  River  of  the  North,  Minn, 
and  Dak.,  1745;  reservoirs  u])oii  the  headwaters  of  the  Mississippi  River  and  its 
tributaries,  1747 ;  surveys  for  reservoirs  at  the  sources  of  the  Mississippi,  Saint 
Croix,  Chippewa,  and  Wisconsin  rivers,  17r>0. 
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APPENDIX  B  B. 

REPORT  OF  MAJ.  WILLIAM  R.  KING,  CORPS  OF  ENGINEERS. 

Improvements. — Tennessee  River,  1751 ;  Cumberland  River,  1760;  Hiawassee  River, 
1764;  French  Broad  River,  Tenn.,  1765;  Criuch  River,  Tenn.,  1766;  Duck  River, 
Tenn.,  Caney  Fork  River,  Tenn.,  1768 ;  Little  Tennesnee  River,  Tenn.,  1769;  South 
Fork  Cumberland  River,  Ky.,  1770. 

Examinations  and  Surveys.— Elk  River,  Tenn.  and  Ala.,  1771 ;  Little  River,  Ky., 
condition  of  the  Cumberland  River  above  the  mouth  of  the  Jellico,  in  Kentucky, 
177:^;  Holston  River,  Tenn.,  1773;  extension  of  the  survey  of  Caney  Fork  River  to 
Frank's  Ferry,  Tenn .,  1774. 

APPENDIX  C  C. 

REPORT  OF  LIEUT.  COL.  WILLIAM  E.  MERRILL,  CORPS  OF  ENGINEERS, 

BVT.  COL.,  U.  S.  A. 

Improvements.— Ohio  River,  1776;  operating  and  care  of  Davis  Island  lock  and 
movable  dam,  Ohio  River,  1802 ;  operating  and  care  of  Louisville  and  Portland 
Canal,  1803;  Falls  of  the  Ohio  River  at  Louisville,  Ky.,  1^11 ;  Monongahela  River, 
W.  Va.  and  Pa.,  1813 ;  operating  and  care  of  lock  and  dam  No.  9,  Monongahela 
River,  1817 ;  Allegheny  River,  Pa.,  1818  ;  ice-harbor  at  mouth  of  Muskingum  River, 
Ohio,  1821 ;  harbor  of  refuge  near  Cincinnati,  Ohio,  1825  ;  harbor  of  refuge  at  month 
of  Great  Kanawha  River,  W.  Va.,  1826. 

Examinations  and  Surveys. — Shav^neetown  Harbor  and  Levee,  111.,  1828;  New 
Albany  Harbor,  Ind.,  and  the  river  and  shores  adjacent  to  said  harbor,  1829;  harbor 
at  Paducah,  Ky.,  1830;  harbor  at  Owensborough,  Ky.,  1831;  Scioto  River,  Ohio, 
1832;  Lawrenceburg  Harbor,  Ind.,  1839;  bar  in  the  Ohio  River  opposite  the  month 
of  the  Licking  River,  Ky.,  1843. 

APPENDIX  D  D. 

REPORT  OF  LIEUT.  COL.  WILLIAM  P.  CRAIGHTLL,  CORPS  OF  ENGINEERS. 

Improvements.— Great  Kanawha  River,  W.  Va.,  1845 ;  Elk  River,  W.  Va.,  1857 ; 
New  River,  from  the  mouth  of  Wilson,  in  Grayson  County,  Va.,  to  the  mouth  of 
Greenbrier  River,  W.  Va.,  examination  of  models  and  plans,  &c.,  for  movable  dams, 
1859. 

Examination.— Greenbrier  River,  W.  Va.,  1866. 

APPENDIX  E  E. 

REPORT  OF  CAPT.  JAMES  C.  POST,  CORPS  OF  ENGINEERS. 

Improvements. — Kentucky  River,  Ky.,  1869  ;  operating  and  keeping  in  repair  locks 
and  dams  on  the  Kentucky  River,  Ky.,  1878;  Tradewater  River,  Ky.,  1883;  Big 
Sandy  River,  W.  Va.  and  Ky.,  1884  ;  Guyaudotte  River,  W.  Va.,1889;  Little  Kana- 
wha River,  W.Va.,  1890;  Buckhannon  River,  W.Va.,  1892. 

Examinations  and  Surveys. — Rough  River,  Ky.,  1893,1894;  condition  of  Green  and 
Barren  rivers,  Ky.,  1904. 

APPENDIX  F  F. 

BRIDGING  NAVIGABLE  WATERS  OF  THE  UNITED  STATES. 

Bridge  across  Detroit  River  between  Belle  Isle  and  the  American  shore,  1917 ;  bridge 
across  Willamette  River  at  Portland,  Oreg.,  1918;  bridge  across  the  Monongahela 
River  near  Fairmont,  W.Va.,  1919;  bridge  of  the  Northern  Pacific  Railroad  Com- 
pany across  Saint  Louis  River,  Minn,  and  Wis.,  1925. 
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APPENDIX  G  G. 

REPORT  OF  MAJ.  CHARLES  J.  ALLEN,  CORPS  OF  ENGINEERS. 

Improvemknts. — Harbor  at  Diiluth,  Minn.,  1937  ;  dredging  Superior  Bay,  Wis.,  Id44; 

barbor  at  Grand  Marais,  Minn.,  1941). 
Examinations  and  Surveys. — Big  Stone  Luke  and  Lake  Traverse,  Minn.,  with  a 

view  to  connecting  tbein,  1951;  Agate  and  Burlington   bays,  Minn.,    1954;  Saint 

Louis  Bay  and  Saint  Louis  River,  Ironi  Connor's  Point,  Wis.,  and  Rice's  Point, 

Minn.,  to  foot  of  first  falls,  1959. 

APPENDIX  p  H. 

REPORT  OF  LIEUT.  COL.  J.  W.  BARLOW,  CORPS  OF  ENGINEERS. 

Improvemknts.— Ontonagon  Harbor,  Mich.,  1968;  Eagle  Harbor,  Mich.,  1970;  Mar- 
quette Harbor,  Mich.,  1971;  barbor  of  refng(>  at  Grand  Marais,  Mich.,  1973  ;Man- 
istique  Harbor,  Mich.,  1974  ;  barbor  at  mouth  of  Ci'dar  River,  Mich.,  1976 ;  Merom- 
onee  Harbor,  Mich,  and  Wis.,  1978;  Oconto  Harbor,  Wis.,  1982;  Pensau^kee  Har- 
bor, Wis.,  1985 ;  Green  Bay  Harbor,  Wis.,  1987  ;  barbor  of  refuge  at  entrance  of  Stur- 
geon Bav  Canal,  Wis.,  1988;  Ahntjpee  Harbor,  Wis.,  1989;  Kewaunee  Harbor,  Wis., 
1993:  Two  Rivers  Harbor,  Wis.,  1995 ;  Manitowoc  Harbor,  Wis.,  1998;  Sheboygan 
Harbor,  Wis.,  '2001;  Port  Washington  Harbor,  Wis.,  2003. 

Examinations  and  Surveys. — Lac  la  Belle  Harbor,  Mich.,  2005  ;  Ashland  Harbor, 
Lake  Superior,  Wis.,  2010. 

APPENDIX  1  I. 

REPORT  OF  CAPT.  \\.  L.  MARSHALL,  CORPS  OF  ENGINEERS. 

IltfPROVEMKXTS  — Harbor  of  refuge,  Milwaukee  Bay,  Wis.,  2015;  Milwaukee  Harbor, 
Wi8.,201'i;  Racine  Harbor,  Wis.,  2019;  Kenosha  Harbor,  Wis.,  2021;  Waukegan 
Harbor,  111.,  2023;  Fox  and  Wisconsin  rivers,  Wis.,  2025. 

APPENDIX  J  J. 

REPORT  OF  MAJ.  W.  H.  H.  BENYAURD,  CORPS  OF  ENGINEERS. 

Improvements.— Chicago  Harbor,  III.,  2047;   Calumet  Harbor,  111.,  2051  ;    Hlinoia 

River,  2052;  Calumet  River,  20135. 
Examinations  and  Surveys. — For  Hennepin  Canal  and  for  the  enlargement  of  the 

Illinois  and  Michigan  Canal,  Wolf  Lake,  Ind.,  2056;  for  ship-canal  from  Calumet 

River  to  Lake  Calumet,  111.,  2057;  Calumet  River,  111.,  from  a  point  half  a  mile 

east  of  Hammond  to  the  forks  of  the  river,  2059. 

APPENDIX  KK. 

REPORT  OF  CAPT.  D.  W.  LOCKWOOD,  CORPS  OF  ENGINEERS. 


Grand  River,  Mich.,  2081 


Mich.,  20H4;  Sou  lb 


I.,  2081;  Black  Lake   Harbor,  Mich.,  2063;  Saugatuck  Harbor, 

HavtMi  Harbor,  Mich.,  2085;  Saint  Joseph  Harbor,  Mich.,  2086; 

New  Buft'alo  Harbor,  Mich.,  20H7;  Michigan  City  Harbor,  Ind.,  2088. 

Examinations  and  Survkys.— Plan  and  estimate  of  cost  of  a  harbor  of  refuge  at 

Ludington,  Mich.,  2090;  Little  Travcrae  Bay,  Mich.,  near  the  village  of  Petoskey, 

with  a  view  to  constructing  a  harbor  of  refuge,  2095. 
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APPENDIX  L  L. 

REPORT  OP  LIEUT.  COL.  O.  M.  POE,  CORPS  OF  ENGINEERS,  BVT.  BRIG. 

GEN.,  U.  S.  A. 

Improvements. — Hay  Lake  Channel,  Saint  Mary's  River,  Mich.,  2098;  Saint  Mary's 
Falls  Canal  and  River,  Mich.,  2104 ;  operatiut;  and  care  of  Saint  Mar.v's  Falls  Canal, 
Mich. « 2108;  dry-dock  at  Saint  Mary's  Falls  Canal,  Mich.,  2124;  harbor  at  Chebciy- 
ffan,  Mich.,212H;  harbor  at  Thunder  Bay,  Mich.,  2129;  harbor  at  An  Sable,  Mich., 
2130;  Saginaw  River,  Mich.,  2138 ;  harbor  of  refuse.  Sand  Beach, Lake  Huron,  Mich., 
2151 ;  ice-harbor  of  refuge.  Belle  River,  Mich.,  2157  ;  repairs  of  Saint  Clair  Flats  Ship- 
Canal,  Mich.,  2159;  operating  and  care  of  Saint  Clair  Flats  Ship-Canal,  Mich.,  2160; 
Clinton  River,  Mich.,  Detroit  River,  Micb.,  2165;  information  concerning  Portage 
Lake  and  Lake  Superior  Ship-Canal,  &c.,2170. 

Examinations  and  Surveys.— Mackinac  Harbor,  Mich.,  2180 ;  Pine  River,  Saint 
Clair  County,  Mich.,  2183;  for  harbor  of  refuge  at  or  near  Cross  Village,  Mich.,  2185; 
old  locks  at  the  Saint  Mary's  Falls  Canal  for  use  as  a  dry-dock,  2186 ;  Clinton  River, 
Mich., 2190 ;  Saint  Clair  River,  Mich.,  to  ascertain  whether  the  erosion  of  the  right 
bank  is  injuring  the  navigation  of  the  river  and  Saint  Clair  Flats  Canal,  2197. 

APPENDIX  M  M. 

REPORT  OF  MAJ.  L.  COOPER  OVERMAN,  CORPS  OF  ENGINEERS. 

Improvements.— Monroe  Harbor,  Mich.,  2209;  Toledo  Harbor,  Ohio,  2211 ;  Port  Clin- 
ton Harbor,  Ohio,  2215:  Sandusky  City  Harbor,  Ohio,  2216  ;  Sandusky  River,  Ohio, 
2218;  Huron  Harbor,  Ohio,  2219;  Vermillion  Harbor,Ohio,  2222;  Mouth  of  Black  River, 
Ohio,  2223;  Rocky  River,  Ohio,  Cleveland  Harbor,  Ohio,  2227;  Fairport  Harbor, 
Ohio,  2235 ;  Ashtabula  Harbor,  Ohio,  2240 ;  Couneaut  Harbor,  Ohio,  2245 ;  Dunkirk 
Harbor,  N.Y.,  2246. 

Examination. — At  Cleveland,  Ohio,  for  opening  and  improving  the  channel  known 
as  the  old  "  river  bed"  of  the  Cuyahoga  River,  2249. 

APPENDIX  N  N. 

REPORT  OF  CAPT.  EDWARD  MAGUIRE,  CORPS  OF  ENGINEERS. 

Improvements.— Erie  Harbor,  Pa.,  2253;  Buffalo  Harbor,  N.  Y.,  2255;  Niagara  River, 
N.  Y.,  Wilson  Harbor,  N.  Y.,  22*i8;  Olcott  Harbor,  N.  Y.,  2269;  Oak  Orchard 
Harbor,  N.  Y.,  2270  ;  Charlotte  Harbor,  N.  Y.,  2271 ;  Pultneyville  Harbor,  N.  Y., 
2273;  Great  Sodus  Harbor,  N.  Y.,  2274;  Little  Sodus  Harbor,  N.  Y.,  2276;  Oswego 
Harbor,  N.  Y.,  2278:  Sackett's  Harbor,  N.  Y.,  2282. 

Examinations  and  Surveys.— Niagara  River,  N.  Y.,  from  Youngstown  to  Lake  Ou- 
tario,  Scajaquada  [Scajacuada]  Creek,  at  Buffalo,  N.  Y.,  2283 ;  Salmon  River,  N. 
Y.,  at  and  below  Fort  Covington,  2286;  mouth  of  Salmon  River,  and  the  inner 
natural  harbor  thereat,  on  Lake  Outario,  N.  Y.,  with  a  view  of  making  a  harbor  of 
refuge  for  vessels  in  distress  and  for  purposes  of  commerce  and  navigation,  2291. 

APPENDIX  O  O. 

REPORT  OF  MAJ.  MILTON  B.  ADAMS,  CORPS  OF  ENGINEERS. 

Improvements. — Ogdensburg  Harbor,  N.  Y.,  2293 ;  Grass  River  at  Massena,  N.Y.,  2296 ; 
breakwaterat  Rouse's  Point,  Lake  Cbamplain,  N.  Y.,  2297;  Swanton  Harbor,  Vt., 
2:505:  Plat teburg  Harbor,  N.Y.,  2:506;  Burlington  Harbor,  Vt.,  2307;  Otter  Creek, 
Vt.,  Ticonderoga  River,  N.  Y.,  2309. 

Examinations  and  Surveys.— Whitehall  Harbor,  N.  Y.,  2310 :  Lake  Cbamplain  at 
Four  Channels,  N.  Y.,  2314  ;  mouth  of  the  Sarauac  River  at  Plattsburg,  N.  Y.,  2318 ; 
Maquam  Bay,  Swanton,  Vt.,  2321. 

APPENDIX  P  P. 

REPORT  OF  LIEUT.  COL.  GEORGE  H.  MENDELL,  CORPS  OF  ENGINEERS, 

BVT.  COL.,  U.  S.  A. 

Improvements.— Oakland  Harbor,  Cal.,  2327;  Wilmington  Harbor,  Cal.,  2333;  Red- 
wood Harbor,  Cal.,  2338  ;  Petaluma  Creek,  Cal.,  removal  of  sunken  vessels  or  craft 
obstructing  or  endangering  navigation,  2339. 

Examinations  and  Surveys.— Islais  Creek,  San  Francisco  Bay,  Cal.,  2340; 
Mateo  River,  Cal.,  2342 ;  Napa  River,  Cal.,  2343. 

ENG ^n 
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APPENDIX  QQ. 

REPORT  OF  COL.  C.  SEAFORTH  STEWART,  CORPS  OP  ENGINEERS. 
Impbovement. — Harbor  at  San  Diego,  Cal.,  2349. 

APPENDIX  EE. 

REPORT  OF  CAPT.  A.  H.  PAYSON,,  CORPS  OF  ENGINEERS. 

Improvements.— Humboldt  Bay  and  Harbor,  Cal.,  2;i51 ;  San  Joaqnin  River,  Cal., 
2;{53;  Mokelnmne  River,  Cal.,  2358;  Sacramento  and  Feather  rivers,  Cal.,  2360; 
Colorado  River,  Nev.,  Cal.,  an  i  Ariz.,  23G5. 

ExAikUNATiON. — Yuba  River,  Cal.,  2373. 

APPENDIX  S  S. 

REPORT  OF  CAPT.  CHARLES  F.  POWELL,  CORPS  OF  ENGINEERS. 

jMrROVEMEN'TS. — Colnmbia  and   Willamette  rivers,  below  Portland.  Greg.,   2376; 

moiitb  of  tbo  Columbia  River,  Ore^;.  and  Wash.,  2382;  entrance  to  Coos  Bay,  Ort^g., 

23K8;  entrance  to  Yaquina  Bay,  Greg.,  2393;  mouth  of  Coquille  River,  Greg.,  239^; 

Skagit,  Steilaqnamisb,  Nootsack,  SuohomiHh  and  Snoqnalmie  rivers,  Wasn.,  2403; 

Chehalis  River,  Wash.,  2405;  gauging  waters  of  the  Columbia  River  and  principal 

tributaries,  2408. 
Examinations  and  Surveys. — Bar  at  the  mouth  of  the  entrance  to  Nehalem  Bay  and 

River,  Greg.,  2409;  Glympia  Harbor,  Waj^b.,  2413;  Puyallup  River,  Wash.,  2417; 

Willapah  River,  Wash.,  2420. 

APPENDIX  TT. 
REPORT  OF  MAJ.  WILLIAM  A.  JONES,  CORPS  OF  ENGINEERS. 

Improvements.— Upper  Willamette  River,  Greg.,  2424 ;  Columbia  River  at  the  Cas- 
cades, Greg.,  2420;  Upper  Columbia  and  Sn:ik<^  rivers,  Greg,  and  Wash.,  2437;  Cow- 
litz River,  Wasb.,  Lower  Clearwater  River,  Idaho,  2439. 

Examinations  and  Si'kvkvs.— Snake  River  betwc*;ii  Lowiston  and  mouth  of  Bois^ 
River,  Idaho,  2440;  ('o'lir  d'Aleno  Lake  and  River,  l<taho,  Saint  Joseph^s  River, 
Idaho,  244ti;  Lewis  River,  Wash.,  2444:  Columbia  River  above  mouth  of  Snake 
River,  Wash.,  2445;  Upper  Columbia  ana  Snake  rivers,  2452. 

APPENDIX  U  U. 
REPORT  OF  MAJ.  G.  J.  LYDECKER,  CORPS  OF  ENGINEERS. 

Improvkments.— Washington  Aqueduct,  24r)3;  increasing  the  water  supply  of  the 
eitv  of  Wa>Jiington,  2409;  erection  of  fishways  at  the  Great  Falls  of  the  Potomac 
River,  249U. 

APPENDIX  V  V. 

JiEPORT  OF  LIEUT.  COL.  JOHN  M.  WILSON,  CORPS  OF  ENGINEERS,  COL- 
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WW   I. 

report  for  1884. 

War  Department, 
Washington  City^  January  6, 1885. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  House  of 
Representatives  the  annual  report  of  the  Mississippi  Eiver  Commission 
for  1884. 

The  estimate,  $100,000,  of  the  Commission  for  salaries,  traveling  ex- 
penses, &c.,  for  the  fiscal  year  1886  will  be  found  on  page  204  of  the 
Book  of  Estimates  for  1885-'86  (House  Ex.  Doc.  No.  6,  Fortyeighth 
Congress,  first  s^sion),  and  the  three  items,  $500,000,  $1,000,000,  and 
$7,000,000,  for  continuing  the  improvement  of  the  river,  are  included 

ipage  168  of  said  document)  in  the  amount,  as  reported  by  the  Chief  of 
Engineers,  which  can  be  profitably  expended  in  the  next  fiscal  year. 

BoBERT  T.  Lincoln, 

Secretary  of  War* 

The  Speaki;b  op  the  House  of  Representatives. 
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The  Mississippi  River  Comiviission, 

President's  Office, 
New  York,  December  19,  1884. 

Sis:  The  Mississippi  River  Commission  have  the  honor  to  submit 
the  following  report,  embracing  the  subjects  and  subdivisions  specified 
below,  to  wit: 

1.  Progress  of  surveys  and  examinations  since  December  1,  1883. 

2.  Construction. 

3.  Remarks  on  the  subject  of  levees  and  outlets. 

4.  General  discussion  of  the  problem  of  the  rectification  of  the  Red 
and  Atchafalaya  rivers. 

5.  Legislation. 

2535 
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6.  Financial  statements  and  estimates  of  funds  for  the  fiscal  year 
ending  June  30,  1886,  for  "surveys  and  expenses  of  the  Gommissiony 
and  for  improving  Mississippi  River.^ 

PROGRESS  OF  SURVEYS  AND  EXAMINATIONS. 

The  surveys  and  examinations  undertaken  in  pursuance  of  the  re- 
quirements of  the  third  section  of  the  act  under  which  the  Commission 
was  organized  have  been  continued. 

In  the  last  annual  report  progress  in  this  branch  of  work  was  noted 
to  December  1, 1883.  From  that  date  to  December  1, 1884,  work  has 
been  accomplished  in  field  and  of&ce  as  follows : 

Gauges. — Daily  readings  have  been  taken  and  displayed  at  all  the 
stations  previously  established.  Kew  stations  have  been  occupied  on 
the  principal  tributaries,  and  continuous  records  obtained  fin>m  the 
dates  of  establishment. 

These  gauges  are:  Paducah,  on  the  Ohio,  June,  1884;  Wittsborg,  on 
the  Saint  Francis,  June,  1884;  Clarendon,  on  the  White,  Jcdy,  18iB4; 
Yazoo  City,  on  the  Yazoo,  July,  1884. 

The  Commission  now  maintains  twenty  gauges  on  the  Mississippi 
and  tributaries.  Since  the  inauguration  of  the  present  inspection  serv- 
ice, mentioned  in  the  last  report,  the  breaks  in  the  records  of  ttiese 
gauges  have  been  few  and  brief. 

The  miscellaneous  work  performed  in  connection  with  the  gauge  in- 
spection is  detailed  in  the  report  of  the  secretary  of  the  Commission. 

The  only  violent  change  in  the  regimen  of  the  river  has  been  a  cut- 
off, which  occurred  about  May  10, 1884,  through  a  narrow  neck  nearly 
midway  between  Vicksburg  and  Natchez.  The  channel  was  shortened 
about  12  miles.  A  survey  was  obtained  within  a  few  days  after  the 
event,  and  two  have  been  made  since.  It  is  proposed  to  continue  these 
examinations  at,  above,  and  below  the  cut-off,  to  determine  as  far  as  pos- 
sible its  immediate  and  ultimate  effects  upon  the  channel  in  its  vicinity. 

Precise  levels. — No  field  work  has  been  done  during  the  year.  The 
final  reduction  of  the  portion  of  the  line  between  the  Mississippi  Biver 
and  Lake  Michigan  has  been  completed. 

Mnal  topography  and  hydrography — Has  been  completed  from  Trot- 
ter's Landing  to  Saint  Louis  Landing,  45  miles;  from  Plum  Point  to 
Bandolph  Point,  46  miles;  from  Donaldson's  Point  to  CaruthersvUIey 
50  miles;  and  from  Grand  Tower  to  Devil's  Island,  27  miles;  making  a 
total  of  168  miles  surveyed  during  the  year.  The  survey  of  the  river, 
with  marginal  topography,  is  now  complete  from  Cairo  to  the  Oulf. 

Detail  charts  (scale  one  ten-thousandth  have  been  finished  firom 
Greenville  to  Lake  Providence,  and  from  Waterproof  to  Donaldson ville, 
covering  222.4  miles  of  river.  The  charts  from  Cairo  to  New  Madrid^ 
Oaruthe]psville  to  Memphis,  and  Commerce  to  Saint  Louis  Landing,  lack 
only  the  topographical  signs. 

^e  publication  of  a  series  of  charts  on  the  scale  of  1 :  20000  has  been 
decided  upon  and  material  for  twenty  of  them  and  in  part  for  thirteen 
more  has  been  prepared. 

Work  on  the  preliminary  chart  (1  inch  to  a  mile)  has  been  continued. 
Five  sheets,  extendingfrom  Eodney  to  Donaldson  ville,  have  been  drawn, 
and  five  sheets,  extending  from  the  foot  of  Island  97  to  Jackson's  Point, 
published.  Three  sheets  are  now  ready  for  the  printer,  and  two  more, 
completing  the  series,  will  be  ready  early  in  January;  and  the  entire 
series  will  be  in  print  by  the  first  of  March. 

Jfi«ce{2aneoii«.— Observations  of  the  flood  escape  through  crevassen 
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were  again  made  at  the  last  high  water.  The  collection  of  reliable 
high-watermarks  has  been  coutinued. 

Especial  attention  has  been  given  this  year  to  obtaining  correct  data 
as  to  the  depths  on  bad  bars  at  low  water. 

Experimental  work  at  the  discharge  stations  of  1882  has  been  re- 
duced. 

A  fioancial  statement  and  an  itemized  statement  of  expenditures 
from  the  appropriation  act  of  March  3,  1883,  appear  below. 

The  following  papers  relating  to  the  work  of  surveys  and  examina- 
tions are  submitted  aa  appendices  to  this  report : 

Appendix  A. — Annual  report  of  the  secretary  of  the  (yommission. 

Appendix  B. — ^Final  results  of  precise  leveling  from  Fulton  to  Chicago. 

Appendix  C. — Eeports  upon  the  field  work  of  topography  and  hy- 
drography. 

Appendix  D. — Results  of  experimental  work  at  discharge  stations. 

0OK3TRUOTION. 

At  the  date  of  the  last  annual  report,  December  21, 1883,  operations 
under  this  head  were  drawing  to  a  close,  the  funds  in  the  hands  of  the 
Commission  being  exhausted.  Owing  to  their  apprehension  of  damage 
to  unfinished  work  during  the  high-water  season,  then  near  at  hand, 
the  Commission  recommended  to  Congress  an  immediate  appropriation 
of  $1,000,000  to  enable  the  work  to  continue  during  the  bsdance  of  the 
fiscal  year.  Congress  acted  on  this  suggestion,  and  tiie  sum  asked  for 
was  appropriated  by  act  approved  January  19, 1884.  Unfortunately, 
the  relief  came  too  late,  as  the  river  began  rising  rapidly  in  tlie  latter 
part  of  December  and  remained  at  a  very  high  stoge,  which  finally  cul- 
minated in  the  latter  part  of  February,  in  a  flood  of  about  the  same 
magnitude  as  those  of  the  two  preceding  years.  The  river  remained 
high  for  a  long  period,  and  but  little  work  could  be  done  before  July. 
The  damage  done  to  tne  works  was,  on  the  whole,  less  than  might  have 
been  anticipated.  The  pile-dikes  sustained  much  less  injury  than  had 
been  the  case  in  former  years,  due  no  doubt  to  the  improved  methods  of 
construction  which  had  been  adopted,  but  the  revetment  work,  much 
of  which  had  been  left  in  an  incomplete  state,  suffered  severely. 

During  the  present  season  all  damage  has  been  repaired,  the  systems 
of  pile-dikes  have  been  strengthened  and  extended,  and  much  revet- 
ment work  of  improved  character  has  been  carried  on.  The  funds 
available  will  be  about  exhausted  January  1, 1885,  and  although  it  is 
hoped  and  expected  that  by  that  time  the  season's  work  will  be  left  in 
much  better  shape  than  heretofore,  yet  much  more  satisfactory  results 
might  have  been  secured  had  the  appropriation  for  these  works  been 
more  liberal.  The  caving  banks  within  the  reaches  under  improvement 
are  very  extensive,  and  tiie  means  at  the  disposal  of  the  Commission 
have  not  hitherto  been  adequate  to  complete  their  protection.  The 
caving  of  these  banks  has  given  serious  trouble,  necessitated  many 
changes  of  plan,  and  in  some  instances  has  jeopardized  the  whole  system 
of  contraction  works  put  in  to  control  and  deepen  the  navigation  chan- 
nel. This  danger  will  continue  till  these  banks  are  secured,  which  will 
require  considerable  expenditure  and  should  be  completed  in  one  season 
if  i)ossible. 

The  marked  improvement  of  low-water  depth  where  works  are  being 
carried  on,  alluded  to  in  last  year's  report,  was  again  exemplified  at  the 
recent  low  water.  Wherever  the  contraction  works  had  been  even  ap- 
proximately completed  the  depths  were  nearly  double  those  found  on  the 
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onimproved  portions  of  the  river  in  their  vicinity.  It  seems  as  if  this 
fact  should  settle  all  doubts  as  to  the  possibility  of  so  improving  the 
navigation  of  the  river  by  the  methods  adopted  by  the  Commission 
as  to  meet  any  reasonable  requirement.  The  minor  difficolties  incident 
to  the  inception  of  any  new  work  are  fast  disappearing  as  experience 
is  acquired,  and  all  that  now  seems  iieoessary  to  make  the  work  buc- 
cessful  is  that  funds  shall  be  supplied  liberally  and  promptly. 

During  the  low- water  season  of  1883  not  more  than  6  feet  of  watei 
was  found  through  the  Kew  Madrid  and  Memphis  reaches,  which  lie, 
respectively,  above  and  below  that  of  Plum  Point.  The  case  this  year 
was  but  little  better.  It  would  seem,  therefore,  advisable  to  extend  the 
work  to  these  reaches  as  soon  as  possible,  as  sach  a  course  would  open 
to  an  improved  navigation  about  250  miles  of  river  from  Cairo  down, 
or  about  one-fourth  of  the  distance  to  New  Orleans,  and  nearly  one-half 
the  total  distance  which  requires  extensive  improvement.  That  such 
a  result  would  be  of  great  value  to  navigation  cannot  be  doubted.  The 
Commission  have  prepared  plans  for  beginning  work  on  these  reaches, 
and  will  take  them  in  hand  as  soon  as  the  funds  placed  at  their  disposal 
will  justify  such  action.  They  also  deem  it  essential  to  the  success 
of  the  work  already  done,  and  a  necessary  part  of  their  plan  of  im- 
provement, that  the  revetment  of  banks  which  are  caving  with  suffi- 
cient rapidity  to  endanger  or  embarrass  navigation,  should  be  at 
once  undertaken  and  carried  forward  systematically  beginning  at 
Cairo  and  progressing  down-stream,  precedence  in  time  being  given 
\o  those  places  where  the  caving  is  most  rapid  or  injurious.  Through- 
out the  portions  of  river  lying  between  the  reaches  of  bad  naviga- 
tion are  found  many  long  stretches  where  navigation  is  nqw  good, 
and  which  only  need  work  of  this  character  to  keep  it  so,  while  at  other 
points  shoals  exist  which  would  probably  disappear  or  become  less 
troublesome  if  the  banks  were  held  and  the  river  allowed  to  contract 
and  deepen  by  natural  agencies.  The  fixation  of  the  channel  is  of  the 
utmost  importiince  in  the  plan  of  improvement  contemplated  by  the 
Commission,  as  otherwise  changes  may  occur  from  the  caving  of  the 
banks  which  will  destroy  or  render  useless  costly  works  of  improve- 
ment, and,  by  causing  fresh  shoals  where  navigation  is  now  good,  render 
an  indefinite  extension  of  the  work  necessary.  This  work  is  conserva- 
tive in  its  nature,  and  cannot  supersede  the  work  already  begun  or  pro- 
jected for  the  shoal  portions  of  the  river ;  but  it  is  an  important  adjunct, 
and,  as  much  time  will  be  required  for  its  execution,  there  should  be  no 
delay  in  beginning  it.  The  Commission  have  provided  for  initiating 
this  work  between  Cairo  and  Memphis  in  the  estimate  which  accompa- 
nies this  report. 

By  the  terms  of  the  last  river  and  harbor  act  the  Commission  were  di- 
rected to  take  charge  of  the  improvement  of  the  Mississippi  Eiver  be- 
tween the  mouth  of  the  Ohio  and  the  Des  Moines  Rapids,  upon  which 
work  has  for  many  years  been  in  progress  under  the  Engineer  Depart- 
ment, U.  S.  A.  Projects  for  the  season's  operations  were  prepared  by 
the  officers  in  charge  of  the  works,  and,  having  received  the  approval  of 
the  Commission,  are  now  in  process  of  execution.  Estimates  for  continu- 
ing these  works  are  submitted. 

The  names  of  a  large  number  of  harbors  were  inserted  in  the  river 
and  harbor  bill,  with  a  view  to  their  improvement;  but  as  the  amount 
appropriated  was  I'ar  short  of  the  estimates  of  the  Commission,  they 
did  not  feel  justified  in  taking  up  this  work  except  at  Memphis,  where 
the  act  specified  the  amount  to  be  expended,  and  at  Vicksburg,  where 
repairs  were  needed  to  work  already  done.    The  Commission  have,  how- 
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ever,  prepared  separate  estimates  for  such  work  at  these  places  as  seems 
necessary  to  accomplish  the  objects  proposed,  and  these  estimates  are 
submitted  to  Con^n^ess  for  such  action  as  they  may  deem  proper,  it  being 
the  desire  of  the  Commission,  if  Congress  decides  that  any  or  all  of  this 
work  be  undertaken,  that  they  will  8i)ecify  tbe  localities  and  the  amount 
to  be  expended  at  each. 

WORKS   ABOVE    CAIRO. 

(Des  Moiues  Rapids  to  mouth  Illiuois  River,  161  miles  in  length.  Officer  in  charge, 
M^.  A.  Mackenzie,  Corps  of  Engineers,  U.  S.  A.,  to  September  1,  1884.  Since  that 
date,  Capt.  E.  H.  Ruflfner,  Cori^s  ot  Engineers,  U.  S.  A.) 

HBADgUABTEBS,  QUIKCY,  ILL. 

The  general  plan  upon  which  work  in  this  district  is  in  progress  con- 
sists in  closing  all  side  channels  by  low  dams,  usually  of  brush  and  stone ; 
in  contracting  the  width  of  the  river,  where  excessive,  by  spur  dikes  of 
similar  construction  to  the  dams,  and  in  protecting  by  brush  mattresses 
covered  with  stone  such  banks  as  are  subject  to  erosion.  The  object 
sought  is  to  contract  the  low-water  channel  to  a  uniform  width  and 
thereby  increase  its  depth  to  about  5  feet  at  low  water.  This  work  has 
been  in  progress  for  several  years  and  the  general  results  have  been  good. 

Since  this  work  came  under  the  direction  of  the  Commission,  the 
dams  opposite  Quincy  have  been  raised  and  repaired ;  the  shore  of 
Buffalo  Island,  below  the  Louisiana  Bridge,  has  been  revetted  and  the 
dam  opposite  the  foot  of  the  island  has  been  repaired.  At  the  dam  be- 
tween Brockaw  Island  and  the  Illinois  shore  the  foundation  for  the  dam 
has  been  laid ;  the  shore  protection  and  the  dam  itself  are  in  progress. 
An  experimental  dam  composed  of  piles  and  sheet  piling  has  been  built 
between  the  Illinois  shore  and  Island  No.  421,  opposite  La  Grange,  Mo. 
There  is  also  in  progress  a  wing-dam  half  way  between  Canton  and  La 
Grange,  shore  ]»rotection  at  Bolter's  Island,  and  a  dam  from  this  island 
to  the  adjacent  tow-head,  A  contract  has  also  been  made  for  dredging 
Quincy  Bay.  All  of  this  work  has  been  much  delayed  and  impeded  by 
the  high  stage  of  water  which  has  prevailed  during  the  fall  season. 

Work  must  soon  close  on  the  advent  of  cold  weather,  but  will  be  re- 
sumed in  the  spring  and  prosecuted  to  the  extent  of  the  available  funds. 

For  details  of  work  in  this  district  see  Report  of  Capt.  E.  H.  Euffner, 
Corps  of  Engineers,  U.  S.  A.,  Appendix  K. 

CMonth  of  lUmois  to  mouth  of  the  Ohio,  241  miles  in  length.     Officer  in  charge,  Maj. 

O.  H.  Ernst,  Corps  of  Engineers,  uT  S.  A.) 

HSADQUABTEBS,  SaINT  LOUIB,  MO. 

In  this  district  also  the  work  has  been  in  progress  for  several  years, 
under  the  Engineer  Department,  U.  S.  A. 

Above  the  city  of  Saint  Louis,  the  only  point  where  work  is  now  in 
progress  is  at  Alton  Harbor,  where  a  dike,  built  in  former  years  to  im- 
prove the  depth  of  water  at  the  landing,  is  being  repaired  and  raised 
to  a  uniform  grade  of  14  feet  above  low  water.  On  October  1, 1,680  feet 
had  been  finished,  and  the  balance  was  well  advanced,  though  work  had 
been  stopped  by  high  water.  It  is  expected  that  the  work  will  be  com- 
pleted in  the  spring. 

Below  Saint  Louis  begins  the  general  work  of  improvement  ultimately 
intended  to  extend  out  to  Cairo.  The  general  plan  of  this  work  is  sim- 
ilar to  that  adopted  by  the  Commission  for  the  Lower  River,  and  the 
methods  employed  are  also  similar.  The  plan  consists  essentially  in 
narrowing  the  river  to  an  approximately  uniform  width  of  2,500  feet. 
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by  building  up  new  banks  and  reclaiming  portions  of  the  river  bed  by 
various  silt-arresting  devices.  All  banks  exposed  to  erosion  are  to  he 
protected  by  mattress  revetment  covered  with  stone.  The  plan  thus 
outlined  contemplates  an  ultimate  improvement  in  channel  depth  that 
will  give  8  feet  between  Cairo  and  Saint  Louis  at  low  water,  and  haa 
been  perfectly  successful  so  far  as  carried  out. 

Since  this  work  passed  under  the  charge  of  the  Commission,  but 
little  has  been  accomplished,  owing  to  the  late  date  at  which  th»  neces- 
sary preparations  were  completed.  It  will  be  pushed  henceforth  as 
rapidly  as  possible. 

At  Arsenal  Island^  the  head  of  the  island  and  the  west  side  have  been 
revetted  for  a  distance  of  1,283  feet.  This  work  secures  a  stone  revet- 
ment, previously  placed  there  to  protect  the  upper  bank.  The  new 
work  extends  300  feet  above  the  head  of  the  old  work,  and  the  upper 
bank  over  this  extension  has  been  riprapped,  as  also  100  feet  on  the  east 
side  of  the  island. 

At  Sorsetailj  on  the  west  side,  the  shore  protection  of  stone  has  been 
raised  from  6  feet  to  21  feet  above  low  water  for  a  length  of  1.150  feet. 
On  the  Illinois  side  two  new  hurdles,  Nos.  27^  and  29f,  have  oeen  ex- 
tended an  aggregate  length  of  1,416  feet,  and  nearly  completed,  while 
another  new  hurdle.  No.  31,  has  been  begun.  There  was  not  less  thsai 
9  feet  over  this  bar  at  the  last  low  water. 

At  Tmn  Hollows^  on  the  west  side,  repairs  to  the  primary  hurdle  and 
to  secondary  hurdles  Nos.  1, 4,  and  5  were  begun  and  partly  completed. 
This  work  has  given  very  good  results,  there  having  been  not  less  than 
9  feet  in  the  channel  at  low  water  this  season.  The  works  require flir- 
ther  extension,  which  can  now  be  undertaken.  At  Twin  Sallows j  ontiie 
east  side,  the  revetment  of  the  Illinois  shore  is  being  extended.  The 
mattress  will  be  120  feet  wide  from  low-water  mark  and  extend  990feet 
along  the  bank. 

At  Pulltight  the  wattling  of  hurdle  No.  5  has  been  completed,  and 
hurdle  No.  4,  1,770  feet  long,  has  been  begun  and  partly  finished. 

At  Jim  Smithes  work  has  been  confined  to  the  reconstruction  of  the 
ol<l  hurdles  and  to  putting  new  ones  in  the  intervals.  In  all  there  are 
9  hurdles,  which  are  well  advanced.  The  least  depth  at  this  point  was 
7 J  feet. 

At  Cairo,  according  to  the  requirements  of  the  river  and  harbor  bilL 
a  revetment  is  being  constructed  back  of  the  town.  By  the  terms  or 
the  act  this  is  to  extend  down-stream  firora  the  lower  end  of  the  revet- 
ment constructed  in  former  years  by  the  Government,  and  (50,000  is 
allotted  for  the  purpose.  This  work  is  now  in  progress.  The  mattress 
revetment,  120  feet  wide,  extends  around  and  between  the  stone  dikes 
put  in  by  the  Cairo  Land  Company,  and  will  be  continued  downstream 
as  far  as  the  funds  allotted  will  allow. 

For  details  of  work  in  this  district,  see  report  of  Maj.  O.  H.  Ernst, 
Corps  of  Enjifinoers,  U.  S.  A.,  A|)])ondix  L. 

WORKS    BELOW    CAIRO. 
FIRST  DISTRIcr. 

(Cairo  to  loot  of  Island  No.  40,  220  miles  in  length.     Ofl&cer  in  charge,  Capt.  J.  G. 

D.  Knight,  Corps  ot  Engineers,  U.  S.  A.) 

IlEADQUARTEKS,  OaIRO,  TLL. 

This  district  includes  the  Xew  Madrid  Keach,  exten<ling  from  the 
head  of  Island  No.  8,  42  miles  below  Cairo,  to  the  foot  of  Island  No.  14, 
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a  difitonoe  of  60  miles ;  the  Flam  Point  Beach,  extending  from  the  head 
of  Island  Ko.  26, 147  miles  below  Cairo,  to  the  head  of  Island  No.  35,  a 
distanoe  of  40  miles,  and  the  b  arbors  of  Golambns  and  Hickman,  Ky 

NSW  MADIOD  RBACH. 

No  work  has  been  done  on  this  reach  beyond  preparing  a  plan  for  its 
improvement,  which  it  is  hoped  may  be  soon  pnt  in  execotion,  as  the 
shoals  have  given  much  trouble  during  the  last  two  low- water  seasons. 

PLUM  POINT  RKACB. 

No  modification  has  been  made  in  the  general  project  as  described  in 
our  last  annual  report,  and  work  during  the  season  has  been  in  contin- 
uation of  that  project. 

The  revetment  at  Ashport,  Tenn.,  has  not  been  extended  during  the 
season ;  the  old  work  is  still  intact. 

The  system  of  contraction  works  at  Gk>ld  Dust  Point,  designed  to  close 
the  chutes  behind  Elmot  Bar  and  Island  No.  30,  was  not  entirely  com- 
pleted at  the  date  of  last  report,  and  when  the  high  water  occurred 
there  were  gaps  in  the  main  dike  and  all  the  cross-dikes  except  the 
lower  one.  No.  5.  Through  these  gaps  the  rising  river  poured  with  great 
velocity,  carrying  masses  of  drift,  which  finally  proved  too  heavy  for 
dike  No.  5.  This  dike  was  breached,  and  some  of  the  others  were  ^ore 
or  less  damaged,  the  main  dike  being  broken  up  for  a  length  of  400  feet. 
Subsequently  these  dikes  were  repaired  and  strengthened.  Those  gaps 
which  could  not  be  closed  were  mattressed  to  prevent  scour,  and  the 
whole  system  has  been  prepared,  as  well  as  possible,  to  resist  the  attacks 
of  another  flood.  The  deposit  obtained  by  this  system  of  dikes  has 
been  very  great,  some  3,000,000  cubic  yards  in  all.  In  many  places  this 
fill  extends  30  feet  above  low  water,  and  recent  surveys  show  that  at 
low  water  the  chute  below  dike  No.  5  would  be  dry. 

Opposite  to  the  Gk>ld  Dust  dikes  the  right  bank,  frt>m  Mill  Bayou  to 
Blmot^s  Landing,  is  caving  badly.  A  revetment,  175  feet  wide,  for  its 
protection,  has  been  begun  at  Fletcher's  Field,  and  a  length  of  ^^i^SO 
teet  has  been  built,  besides  800  feet  of  revetment  of  less  wmth.  The 
npper  bank  has  been  graded  and  revetted  for  a  length  of  2,000  feet. 
Some  difficulty  has  been  met  with  here  from  seepage  water  from  the 
bank,  which  has  a  tendency  to  wash  down  the  upper  portion  of  the  re- 
vetment. 

Of  the  system  of  works  designed  to  close  Osceola  Chute,  and  to  hold 
the  tow-head,  dikes  Nos.  1  and  2  are  in  good  condition.  Behind  No.  1 
the  chute  is  now  dry  at  a  10-foot  stage,  and  a  growth  of  willows  has 
started  over  a  large  portion  of  the  old  river-bed.  A  gap  in  dike  No.  3 
has  been  closed  and  general  repairs  made.  This  dike  is  now  in  good 
condition.  The  revetment  on  the  upper  tow-head,  destroyed  in  1882 
and  1883,  has  not  been  replaced.  On  the  lower  tow-head  there  was,  at 
date  of  last  report,  2.6G3  feet  of  revetment  150  feet  wide ;  the  upper 
bank  was  unprotectea.  This  work  was  not  resumed  till  August,  1884. 
when  it  was  found  necessary  to  build  a  narrow  mat,  1,337  feet  long,  at 
the  head  of  the  work,  to  connect  the  old  revetment  with  the  shore.  The 
upper  bank  has  now  been  graded  and  872  feet  revetted  with  brush.  It 
is  expected  to  complete  this  work,  as  far  as  the  sub-aqueous  mat  ex- 
tends, before  operations  close  tms  winter.  Osceola  dike.  No.  4,  has 
been  buUt  this  season.  It  was  finally  located  below  the  foot  of  Osceola 
Bar  to  dieok  a  tendency  to  cut  through  into  BuUerlon  Ohute.    This  ob- 
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ject  was  snccessfally  accomplished,  thongb  much  difficulty  was  expe- 
rienced in  the  construction  of  the  dike,  which  is  2,460  feet  long.  During 
the  time  it  was  building,  the  Arkansas  shore  caved  badly  and  the  chan- 
nel deepened  to  50  feet ;  an  offset  in  the  dike  was  needed  to  pass  this 
deep  place.  Since  its  completion  large  masses  of  drift  have  accumu- 
lated above  the  dike  and  a  heavy  till  has  taken  place  in  its  neighbor- 
hood ;  this  amounts  to  16  feet  in  depth  100  feet  below  the  dike. 

At  BuUerton  Tow-head  at  date  of  the  last  annual  report  the  revet- 
ment of  the  river  side  lacked  500  feet  of  mattress,  2,700  feet  of  upper- 
bank  protection,  and  much  stone.  This  work  has  since  been  completed, 
and  all  weak  places  repaired.  There  have  been  several  slides,  due  to 
seep  water  returning  to  the  river,  and  attempts  are  being  made  to  pre- 
vent this  action  by  the  construction  of  broken-stone  drains  to  collect 
and  carry  off  this  water.  The  low-water  channel  having  finally  left 
BuUerton  Chute,  dike  No.  1,  across  this  chute,  is  about  to  be  closed^ 
and  Ko.  2  dike  has  been  begun.  Both  these  dikes  will  be  completea 
before  the  season  closes. 

The  dikes  under  Plum  Point,  designed  to  contract  the  channel  be* 
tween  BuUerton  Tow-head  and  Yankee  Bar,  have  been  extended  11,665 
feet  during  the  year,  and  now  aggregate  15,010  feet  in  length ;  1,000 
feet  more  in  length  is  required  to  complete  the  portion  now  authorized, 
after  which  no  further  extension  will  be  made  till  all  danger  is  over  of 
the  channel  returning  to  BuUerton  Chute. 

At  Craighead  Point  the  revetment  of  the  right  bank  has  been  begnn^ 
but  not  much  progress  made ;  1,100  feet  of  mattress  has  been  sunk  just 
below  the  foot  of  BuUerton  Tow-head.  Its  construction  was  attended 
with  much  difficulty,  owing  to  the  strength  of  the  current  encountered. 

During  the  low  water  of  this  season  there  were  five  channels  through 
BuUerton  Bar,  two  of  which  led  into  BuUerton  Chute,  and  were  cut  off 
by  the  construction  of  Osceola  Dike,  No.  4,  and  the  dikes  in  the  chute 
itself;  one  channel  ran  along  Plum  Point  and  Yankee  Bar,  and  was  oat 
off  by  the  extension  of  the  Plum  Point  dikes ;  the  other  two  were  lo- 
cated, one  against  the  river  side  of  BuUerton  Tow-head ;  the  other  in 
the  middle  of  the  river.  Much  trouble  was  experienced  at  first  firom 
this  great  dispersion  of  the  water,  but  as  the  contraction  works  were 
advanced  and  began  to  act,  the  BuUerton  Tow-head  Channel  finally  be- 
came the  main  one  and  gave  12  feet  of  water  at  the  lowest  stage  reached. 
More  or  less  trouble  must  be  expected  at  this  pla<^e  tUl  the  contraction 
works  can  receive  their  full  development  and  have  time  to  act.  The 
effect  exerted  by  them  in  their  present  incomplete  state  leaves  no  doubt, 
however,  as  to  the  ultimate  success  of  the  work. 

Much  revetment  work  remains  to  be  done  on  this  reach,  both  between 
Ashport  and  Craighead  Point,  and  also  in  the  vicinity  of  Island  No.  26, 
where  serious  changes  are  threatened.  The  dike  work  is  nearly  com- 
pleted, and  will  mainly  need  watcfiing  and  repair. 

COLUMBUS,  KY. 

This  is  one  of  the  harbors  named  in  the  river  and  harbor  bill.  The 
trouble  here  lies  in  the  caving  of  the  bank  in  front  of  the  town.  It  is 
thought  that  the  protection  of  3,000  feet  of  bank  will  be  required,  which, 
at  $20  per  foot,  wUl  cost  $60,000.  To  this  must  be  added  $20,000 
for  plant,  making  a  total  estimate  of  $80,000. 

HICKMAN^   KT. 

This  harbor  is  also  named  in  the  river  and  harbor  bUl,  and  the  trouble 
is  the  same  as  at  Oolumbus,  Ky .    It  is  thought  that  12,000  feet  of  bank 
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will  require  protection,  which,  at  (20  a  foot,  will  cost  $240,000.    To  this 
must  be  added  $30,000  for  plant ;  making  a  total  estimate  of  $270,000. 
For  details  of  work  in  this  district,  see  report  of  Gapt.  J.  O.  D.  Knight^ 
Corps  of  Engineers,  XJ.  S.  A.,  Appendix  F. 

SECOND  DISTRICT, 

(Foot  of  Island  No.  40  to  month  of  White  River,  180  miles  in  length.  Officer  in 
charge,  M^.  A.  M.  Miller,  Corps  of  Engineers,  U.  S.  A.,  till  September  1, 1884 ;  since 
that  date,  Capt.  C.  B.  Sears,  Corps  of  Engineers,  U.  S.  A.,  temporarily.) 

Hbadquabtbbs,  Hbmphis,  Tbnn. 

In  this  district  are  included  the  Memphis  and  Helena  reaches,  the 
first  extending  from  the  foot  of  Island  No.  40,  220  miles  from  Cairo,  to 
Scanlan's  Landing,  a  distance  of  27  miles,  and  the  second  extending 
from  Commerce  Cut-off,  270  miles  from  Cairo  to  Friar's  Point,  Missis 
sippi,  a  distance  of  55  miles. 

The  first  reach  embraces  Memphis  Harbor. 

MEMPHIS  HABBOR. 

The  revetment  in  front  of  the  city,  which  has  been  built  at  various 
I>eriod8  since  1878,  and  which  has  heretofore  given  much  satisfiei>ction,  gave 
way  during  the  flood  of  1884  at  several  points,  and  caused  the  destruc- 
tion of  much  valuable  property.  Much  alarm  was  felt  in  the  city,  and 
Congress  directed  the  expenditure  of  $200,000  in  renewing  the  protec- 
tion. Surveys  have  shown  that  the  trouble  was  due  to  the  caving  in 
Hopefield  Bend,  and  the  great  growth  of  the  bar  opposite  the  town,  up- 
wanls  of  750  feet  in  two  years.  Both  these  influences  combined  to  push 
the  deep  water  against  the  town  front  and  to  cause  a  severe  scour  of 
the  river  bed.  This  undermined  the  revetment  and  caused  its  failure. 
As  soon  as  possible  orders  were  given  to  start  the  work,  using  mat- 
tresses 300  feet  wide  instead  of  120  feet,  the  width  of  the  old  ones.  Th% 
first  attempt  to  sink  these  wide  mattresses  failed,  the  mattresses  pulling 
to  pieces  under  the  heavy  strain  j  later  reports,  however,  indicate  success* 
Meanwhile  a  narrow  mattress,  150  feet  wide,  has  been  carried  from  a 
point  500  feet  above  Wolf  Biver,  across  that  stream  and  along  the  city 
front,  a  total  distance  of  3,925  feet.  The  wide  mattress  will  be  laid  on 
top  of  this  narrow  one.  The  upper  bank  is  being  graded  and  covered 
with  stone. 

This  revetment  must  be  carried  along  the  whole  city  front  to  insure 
its  safety,  and  an  estimate  of  $75,000  for  its  completion  accompanies 
this  report. 

•  BiEMPHIS  REACH. 

Work  on  the  reach  has  been  confined  to  the  revetment  of  Hopefield 
Bend,  immediately  above  the  city  of  Memphis.  At  the  date  of  our  last 
report  6,700  feet  of  mattress  was  down,  and  4,100  feet  of  upper  bank 
protection  completed.  Before  the  high  water  set  in  this  had  been  in- 
creased to  10,400  feet  of  mattress,  made  and  sunk,  and  5,700  feet  of 
upper  bank  protection.  The  mattresses  were  140  feet  wide.  During 
the  fiood  the  bank  caved  badly,  where  the  upper  bank  had  not  been 
secured,  and  this  portion  of  the  revetment  was  lost.  The  remainder 
sustained  some  damage  from  the  seepage  of  water  from  the  bank  after 
the  subsidence  of  the  fiood.  It  is  hoped  to  repair  and  complete  this 
work  during  the  coming  season. 
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/Plans  have  been  prepared  for  the  improvement  of  this  reach,  which 
the  Commission  desire  to  undertake  as  soon  as  funds  will  allow,  the 
bars  in  the  immediate  neighborhood  of  Memphis  having  been  very 
troublesome  both  in  1883  and  1884. 

HELENA  REACH. 

No  work  has  been  done  on  this  reach  during  the  season. 
For  details  of  work  in  this  district  see  report  of  Gapt.  0.  B.  Sears, 
Corps  of  Engineers,  XJ.  S.  A.,  Appendix  G.~ 

THIRD  DISTRICT. 

(Month  of  Whito  River  to  Warrenton.  220  miles  in  length.  Officer  in  oharffe,  Capt. 
W.  L.  MarshaU,  Corps  of  Engineers,  U.  S.  A.,  to  April  21, 1884 ;  since  that  daxe^  Capt. 
C.  B.  Sears,  Corps  or  Engineers,  U.  S.  A. ) 

HSADQUABTSBS,  MJSMFHIB.  TKKN. 

In  this  district  are  included  the  Choctaw  Eeach,  extending  from  Cork's 
Point,  Arkansas,  422  miles  below  Cairo,  to  Arkansas  City,  Ark.,  a  dis- 
tance of  31  miles ;  the  Lake  Providence  Eeach,  extending  from  Caro- 
lina Landing,  530  miles  below  Cairo,  to  the  foot  of  Island  No.  95,  a  dis- 
tance of  35  miles,  and  the  improvement  of  the  harbors  of  Greenville  and 
Yicksbarg,  Miss. 

CHOCTAW  REACH.     . 

Ko  work  has  been  done  on  this  reach  daring  the  season. 

LAKE  PROVIDENCB  BEACH. 

The  work  on  this  reach  during  the  past  year  has  been  in  continuation 
of  that  outlined  in  our  last  report,  the  only  new  work  being  theOotton- 
wood  system  of  dikes. 

In  Louisiana  Bend  two  detached  pieces  of  revetment,  the  upper  1,600 
feet  and  the  lower  2,000  feet  long,  had  been  built  at  the  date  of  our  last 
report.  Of  these,  the  upper  piece  is  safe,  the  lower  one  was  flanked  by 
the  river,  and  now  lies  on  the  bottom.  The  work  has  been  vigorously 
pushed  this  fall^  14,000  feet  having  been  completed,  including  tiie  grad- 
ing and  protection  of  the  upper  bank.  The  holding  of  this  bank  is  of 
the  greatest  importance,  as  its  recession  throws  the  whole  force  of  the 
current  against  the  Duncansby  system  of  dikes  on  the  opposite  side  of 
the  river.  ^The  river  is  still  encroaching  on  these  works,  and  will  con- 
tinue to  do  so  until  the  caving  above  is  stopped. 

Work  on  the  Duncansby  system  has  been  confined  to  repairs  of  dikes 
that  had  been  damaged  during  the  flood,  and  to  the  completion  of  the 
dike  on  range  No.  36. 

So  far,  these  works,  which  are  designed  to  keep  the  river  out  of  Skip, 
with's  Chute,  have  successfully  accomplished  this  object,  and  the  silting 
up  of  the  chute  is  steadily  progressing. 

In  the  Mayersville  system  the  Cottonwood  system  of  dikes  has  been 
built  this  season.  They  were  designed  to  close  a  channel  which  was 
developing  along  the  Louisiana  shore,  near  Cottonwood  Point.  This 
object  has  been  successfully  accomplished,  and  the  dikes  are  in  good 
order.    Their  total  length  is  8,527  feet. 

In  Mayersville  chute  the  heavy  five-row  cross-dike  was  breached  for 
a  length  of  125  feet  by  the  pressure  of  drift.  This  gap  has  been  closed 
and  more  cross-dikes  are  being  constructed  farther  down  the  ohate. 
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The  caving  of  the  Mississippi  shore  above  the  head  of  the  chute  and 
the  general  movement  of  the  deep  water  towards  Mayersville  Island, 
has  caased  the  destruction  of  most  of  the  longitudinal  dike  across  the 
head  of  the  chute.  This,  however,  is  not  of  much  importance,  as  the 
dikes  in  the  chute  are  sufficient  for  the  purpose  intended. 

The  revetment  on  the  outside  of  Mayersville  Island  has  been  kept  up, 
though  with  much  difficulty  on  account  of  the  sandy  character  of  the 
soil.  It  will  have  to  be  held  by  constant  work  till  the  river  outside  has 
adjusted  itself  to  the  new  conditions. 

The  Baleshed  system  of  dikes  is  in  good  order  and  has  given  excel- 
lent results.  Foot-mats  were  piit  in  at  the  head  of  the  system  last  win- 
ter, and  a  high  dike  has  been  constructed  behind  the  original  low  lon- 
^^itudinal  dike,  between  cross-dikes  1  and  6.  Repairs  have  also  been 
made  to  cross-dikes  3  and  4,  and  to  the  main  dike  below  No.  6.  Two 
or  more  additional  cross-dikes  are  required  in  Baleshed  chute  to  break 
op  the  fall,  which  is  now  excessive.  A  cross-dike  2,000  feet  long  has 
been  built  above  Stack  Island,  and  the  main  dike,  from  this  cross-dike 
to  the  head  of  the  island,  has  been  strengthened.  Very  great  deposits 
have  been  induced  by  this  system  of  dikes,  and  the  head  of  the  work 
is  now  dry  at  a  half  stage. 

The  Hopewell  system  of  dikes  has  not  required  attention  during  the 
year. 

The  excellent  low-water  depths  reported  last  year  throughout  this 
reach  prevailed  again  during  the  recent  low  water;  15  feet  was  the  least 
depth  found  on  the  reach,  which  was  6  or  7  feet  more  than  was  availa- 
ble for  40  miles  above  or  below. 

VICKSBURG  HARBOR. 

No  work  was  done  during  the  year  on  the  inner  harbor  and  none  is 
proposed.  Recent  surveys  show  that  no  changes  of  importance  have 
occurred. 

At  Delta  Point,  on  the  opposite  side  of  the  river,  the  revetment  has 
required  repairs,  and  has  been  extended  down-stream  800  feet.  The 
Commission  are  of  opinion  that  further  repairs  and  extension  will  be  re* 
quired,  and  submit  an  estimate  of  $20,000  for  this  work. 

GREENVILLE  HARBOR. 

A  survey  of  this  locality  has  been  made.  The  trouble  lies  in  the 
rapid  caving  of  the  river  bank  in  front  of  the  town.  For  its  protection 
$136,000  will  be  required,  in  addition  to  the  necessary  plant,  which  will 
cost  $50,000,  making  a  total  estimate  of  $180,000. 

For  details  of  work  in  this  district,  see  report  of  Capt.  0.  B.  Sears, 
Corps  of  Engineers,  U.  S.  A.,  Appendix  H. 

FOURTH  DISTRICT, 

(Warrenton,  Miss.,  to  head  of  passes;  484  miles  in  length.    Officer  in  charge,  Maj. 

Amos  Stickney,  Corps  of  Engineers,  (J.  S.  A. ) 

Hkadquabtebs,  Nbw  Orleans,  La. 

This  district  embraces  the  improvement  of  the  harbor  of  Natchez 
and  Vidalia ;  the  deflection  of  the  waters  of  Red  River  from  the  Atcha- 
falaya,  and  keeping  open  a  navigable  channel  through  the  mouth  of  the 
Bed  River  into  the  Mississippi  River;  a  lock  at  Bayou  Plaqueminei 
and  the  improvement  of  New  Orleans  Harbor. 

160  SNG 
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NATCHEZ  AND  TIDALIA. 

A  recent  survey  of  this  locality  shows  that  the  caviog  in  Giles  and 
Marengo  Bends  still  continues,  but  that  it  is  most  rapid  and  dangerous 
at  Palo  Alto  Point,  just  above  Yidalia.  In  all  65,000  feet  of  bank  re- 
quires protection.  Major  Stickuey,  in  his  report  (Appendix I),  proiK>se8 
to  begin  the  protection  at  Palo  Alto  Point,  using  submerged  spurs,  such 
as  are  now  being  tried  at  New  Orleans,  and  should  the  method  be  suc- 
cessful he  proposes  to  extend  it  so  as  to  cover  the  whole  caving  bank. 
The  estimate  for  the  work,  on  this  basis,  is  $600,000,  to  which  must  be 
added  $100,000  for  a  levee  along  Cowpen  Point,  designed  to  stop  the 
flow  of  water  across  this  neck  in  time  of  flood,  which  now  seriously 
threatens  the  formation  of  a  cut-off.  The  total  estimate  therefor,  ac- 
cording to  the  plan  proposed,  is  $700,000.  If  the  spurs  should  not  prove 
successful  and  mattress  revetment  be  required,  the  cost  would  be  at 
least  double. 

DEFLECTION  OF  THE  WATERS  OF  RED  RIVER  FROM  THE  ATCHAFALAYA,  AND  KBEP- 
ING  OPEN  A  NAVIGABLE  CHANNEL  THROUGH  THE  MOUTH  OF  THE  RED  RIVER  TO 
THE  MISSISSIPPI. 

Under  the  recommendations  made  in  the  last  annual  report,  and 
allotment  made  by  the  Commission  from  the  annual  appropriation,  at 
the  api)roach  of  low  water  operations  with  dredge-boats  w^ere  renewed 
in  Old  Eiver,  with  the  view  of  keeping  open  navigation  from  the  Red 
to  the  Mississippi  Biver.  The  details  of  the  work  and  the  success  at- 
tending it  are  fully  described  in  the  report  of  Maj.  A.  Stickney,  Corps 
of  Engineers,  U.  S.  A.  (Appendix  I),  to  which  reference  is  made. 

During  the  execution  of  such  permanent  i)lan  as  may  be  adopted  for 
the  improvement  of  this  vicinity,  it  maybe  annually  necessary  to  resort 
to  this  temporary  method  of  relief  to  navigation.  The  subject  of  per- 
manent treatment  is  discussed  elsewhere  in  this  report. 

NEW  ORLEANS  HARBOR. 

At  date  of  last  report  a  mattress  400  feet  in  width  was  being  laid  in 
Oarrollton  Bend.  Owing  to  delays  in  receiving  material  the  rising  river 
forced  a  suspension  of  operations,  when  470  teet  of  this  mat  had  been 
completed  and  sunk,  and  the  work  has  not  been  resumed,  owing  to  the 
more  pressing  necessity  of  protecting  the  bank  in  Oouldsborougb  Bend, 
Here  tlie  protection  will  consist  of  a  series  of  sloping,  submerged  spurs, 
so  designed  aud  located  as  to  move  the  current  of  the  river  away  frooi 
the  bank  to  be  protected.  These  spurs  rest  on  a  mattress  200  feet  wide 
and  350  feet  long,  laid  on  the  bed  of  the  river  and  normal  to  the  bank, 
beginning  at  low-water  mark.  The  spurs  themselves  are  built  np  of 
timber  cribs,  filled  with  brush  and  loaded  with  stone.  The  width  of  the 
structure  at  the  bottom  is  GO  feet,  which  diminishes  by  steps  to  20  feet 
at  the  top,  the  size  and  arrangeuient  of  the  cribs  being  such  that  the 
top  of  the  finished  structure  will  have  a  slope  of  1  vertical  to  3  hori- 
zontal from  low- water  mark  to  the  bed  of  the  river.  The  distance  apart 
of  the  spurs  will  vary  from  500  to  1,000  feet,  according  to  the  curvature 
of  the  banks.  One  spur  is  now  well  under  way,  and  two  more  will 
probably  be  nearly  completed  with  thefuuds  now  available. 

The  work  is  experimental,  and  its  efficiency  can  only  be  determined 
after  the  subsidence  of  the  next  flood.  The  estimate  for  continuing 
this  work  and  for  completing  the  revetment  in  CarroUton  Bend  ia 
$683,600. 

For  details  of  work  in  this  district,  see  report  of  Maj.  Amos  Stick< 
ney,  Corps  of  Engineers,  U.  S.  A.,  Appendix  I. 
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PLANT  AND  GENERAL  SERVICE. 

Plant  in  use  in  tbe  several  districts  and  in  the  general  service  during 
the  time  covered  by  this  report: 

Otcned  by  the  Oovernment — Two  hundred  and  thirty-six  barges,  of 
which  30  were  borrowed  from  the  Missouri  River  Improvement;  47 
quarter  boats,  21  mattress  boats  and  ways,  84  ])iledrivers  and  hulls,  7 
dredges  and  hydraulic  graders,  6  dump  boats,  3  derrick- boats,  2  pump- 
ing-boats,  8  screen  boats,  9  docks,  store  and  wharf  boats,  5  machine  and 
carpenter  shop  boats,  23  small  flats,  coal  flats,  and  shells,  137  yawls  and 
skifGs,  5  steam  launches  and  tugs,  13  steam  tow-boats,  and  quarters  and 
shops  M  depots  on  shore. 

The  estimated  value  of  the  above  September  30, 1884,  was  $1,276,000. 

Chartered. — Fifty  barges  and  8  steam  tow-boats  and  launches  j  the 
estimated  value  of  which  is  $328,000. 

The  estimated  value  of  the  whole  plant  in  use  during  the  year  is 
$1,604,000. 

The  general  service  of  purchase,  supply,  and  towing  for  the  districts 
and  the  construction  of  plant  was  in  charge  of  Gapt.  C.  B.  Sears,  Corps 
of  Engineers,  secretary  of  the  committee  on  construction,  from  Novem- 
ber 1, 1883,  to  April  10,  1884,  when  he  was  transferred  to  the  charge  of 
the  third  district.  The  report  of  operations  for  the  general  service  is 
presented  by  his  successor,  Capt.  J.  H AVillard,  Corps  of  Engineers,  to 
which  reference  may  be  made  for  details.     (See  Appendix  E.) 

Levee  construction. — Under  the  allotment  of  $200,(00  from  the  last 
annual  appropriation  therepairsof  levees  in  the  second,  third,  and  fourth 
districts  were  continued.  All  information  concerning  this  work  is  de- 
tailed in  the  reports  of  the  executive  officers  of  the  above  districts  (ap- 
I>endices  G,  H,  and  I);  and  in  the  report  ot  the  board  of  district  officers 
(Appendix  M),  to  all  of  which  reference  is  made. 

LEVEES  AND  OUTLETS. 

The  difficulties  of  navigation  on  the  Mississippi  River  below  the  mouth 
of  the  Missouri  at  no  time  arise  from  want  of  V4>lume. 

During  the  flood  stages  the  supply  is,  of  course,  ample ;  and  it  is 
equally  true  that  if  the  volume  of  discharge  of  even  the  lowest  stages 
were  constant,  it  would  develop,  in  time,  a  sufficient  channel  for  navi- 
gation. 

Where  the  increase  in  width  and  area  of  section  has  become  so  ex- 
cessive as  to  have  seriously  impaired  navigation,  scour  and  fill  are  less 
the  result  of  absolute  velocity  than  of  the  relative  velocities  in  adjacent 
sections.  In  such  cases  the  narrow  and  doei)  parts  have  greater  areas 
of  section,  and  therefore  lesser  velocities  in  the  lower  stages;  while  the 
wider  and  bar-obstructed  sections  at  that  period  have  lesser  areas  and 
greater  velocities.    At  higher  stages  this  relation  is  reversed. 

An  increment  to  the  bars  accompanies  the  flood  because  in  the  sec- 
tions where  they  form  there  is  greater  area  and  less  velocity  than  in  the 
pool  sections  above.  This  subject  is  discussed  by  Mr.  R.  E.  McMath 
(Report  Mississippi  River  Commission,  1881,  Appendix  K,  p.  242). 

This  condition  is  not  a  necessary  result  of  the  flood  in  a  regulated 
river,  but  rather  of  those  irregularities  of  the  water-way,  the  correction 
of  which  constitutes  an  essential  part  of  the  plan  of  improvement  pro- 
jected by  the  Commission.  With  equal  widths  there  should  be  no  such 
interchanges  of  velocity  at  adjacent  sections  in  high  and  low  stages,  and 
no  cUfferences  of  depth  and  area  except  at  reversion  points,  where  less 
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resistance  makes  lesser  sectional  dimensions  equally  efficient.  A  cer- 
tain result  of  such  uniformity  of  the  elements  of  area  as  has  always  been 
insisted  on  by  the  Commission  will  be  the  correction  of  this  local  bar 
buildiug  by  the  flood. 

To  this  bar  growth  at  high  stages  there  is  a  logical  limit.  When  it 
has  progressed  far  enough  to  maintain,  by  contraction,  the  velocity  of 
approach  from  above,  it  necessarily  ceases.  This  is  true  as  long  jis  the 
V(»lume  of  discharge  finds  no  other  means  of  escape  outside  the  bed  of 
the  stream.  But  when  such  opportunity  is  aflbrded,  tbe  bar  growth  is 
nnchecked  as  long  as  a  line  of  less  resistance  is  open  through  the  out- 
let In  the  case  of  a  cut-ott'the'entire  river  is  deflected  in  the  direc- 
tion of  the  increased  slope,  through  the  new  bed,  and  within  a  year  or 
two  the  abandoned  channel  is  entirely  closed. 

Now,  "when  we  consider  that  the  slope  of  the  river  along  its  proper 
course  averages  scarcely  one-third  foot  to  the  mile,  while  the  banks 
slope  away  from  the  river  4  to  10  feet  to  the  mile,  it  is  easy  to  see  to  what 
an  extent,  during  floods,  the  river  is  tempted  to  change  its  course,"  and 
that  in  such  proportion  as  this  temptation  prevails,  an  effect  similar  to 
that  of  a  cut-off  in  building  a  bar  across  the  depleted  chauuel  is  pro- 
duced. 

As  the  direction  of  the  surface  slope  affects  the  direction  of  the  thread 
of  motion  of  the  stream  to  all  depths,  so  in  case  of  both  cut-oft*  and  cre- 
vasse the  stream  is  turned,  involving  a  loss  of  power  in  the  impact  against 
the  bank;  continuity  of  motion  is  broken,  velocity  is  reduced,  and  a 
source  of  bar-formation  is  introduced.  In  the  case  of  the  crevasse,  by 
the  loss  of  volume,  loss  of  velocity  and  ultimately  of  section  is  also  in- 
curred. 

All  plans  proposed  for  the  improvement  of  the  river  have  for  a  com- 
mon aim  the  establishment  of  uniform  conditions  at  tbe  same  stages. 
As  these  conditions  are  interdependent,  the  securing  of  any  one  will 
tend  to  bring  about  the  others.  Thus  uniform  section  will  give  uniform 
mean  velocity,  which  in  turn  will  induce  greater  uniformity  of  channel 
depth  at  any  given  stage.  But,  as  an  element  of  uniform  section,  the 
importance  of  uniform  width  by  itself  as  a  factor  in  producing  uniform 
velocity  is  lessened  so  long  as  the  escape  of  water  from  and  return  to 
the  river,  over  banks  varying  20ieet  in  height,  as  referred  to  the  flood 
slope,  allow  inequality  of  flood  velocity  and  depth  as  great  as  results 
from  the  present  unequal  widths. 

Variation  of  discharge,  at  the  same  flood  stage,  in  alternating  parts 
of  the  river,  from  1,000,000  to  1,600,000  cubic  feet  per  second  is  as  much 
an  obstacle  to  stability  of  regimen  as  the  existing  difference  of  width  ; 
and  improvement  is  only  attainable  by  the  control  of  both  the  area  and 
discharge. 

Uniformity  of  bank  grade,  therefore,  as  an  element  of  uniformity  of 
section  and  velocity  and  channel  depths,  assumes  the  same  importance 
as  uniformity  of  width,  and  should  be  extended  and  maintained  over 
the  entire  length  of  the  alluvial  river. 

The  present  grade  of  the  banks  with  reference  to  its  earlier  and  nor- 
mal conditions  is  discussed  in  Appendix  F,  page  122,  Report  Mississippi 
Eiver  Commission,  1881.  The  levees  as  heretofore  built,  or  as  now 
recommended,  cannot  justly  be  considered  a«  superimposed  on,  or  added 
to,  what  would  have  been  the  bank  height  when  carried  unchecked  to 
its  natural  limit;  but  as  establishing,  by  artificial  means,  a  grade  which 
the  river  in  the  free  exercise  of  its  functions  is  ever  seekii^g  to  attain, 
and  to  which,  under  normal  conditions,  it  has  approximated. 

All  observations  bearing  on  this  subject  made  by  the  Oommission 
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sustain  these  views.  In  1862  a  break  known  as  "  Cubitus  Gap  ^  occurred 
in  the  left  bank  of  the  river,  about  4  miles  above  the  head  of  the  Passes. 
It  rapidly  enlarged  until  its  section  was  about  34  per  cent,  that  of  the 
main  river.  The  locality  was  surveyed  in  1868, 1872,  1875,  1876,  and 
1877  by  the  United  States  Coast  and  Geodetic  Survey.  So  we  have  a 
foil  physical  history  of  the  changes,  which  are  thus  stated  by  Mr.  Marin- 
den,  assistant  in  charge  of  the  surveys : 

A  noticeable  feature  in  front  of  the  ''^ap''  and  one  which  in  a  great  measure  must 
be  traced  to  it  as  its  cause,  is  the  formation  of  a  flat  on  the  west  bank  as  shown  by  the 
deep  contours — the  24 -foot  curve  more  especially.  Starting  at  a  point  on  the  Vest 
shore,  3,000  feet  above  the  "  gap,"  where  all  the  curves  run  parallel  to  the  shore,  and 
the  24-foot  curve  is  260  feet  irom  the  3-foot  curve,  which  I  have  taken  as  the  refer- 
ence for  convenience,  being  smoother  than  the  shore-line,  although  running  parallel 
to  it,  the  24-foot  contour  abruptly  juts  out  towards  the  center  of  the  river,  till  oppo- 
site the  north  point  of  the  "gap"  it  is  820  feet  from  the  3-foot  curve;  then  iollowing 
down-stream  and  opposite  the  south  point  it  is  920  feet;  then  after  passing  the  open- 
ing of  Cubitt's  Gap  it  retreats  toward  the  shore-line,  so  that  about  2,000  feet  below  the 
south  point  it  is  760  feet;  4,000  feet  below  it  is  720  feet  off,  and  8,000  feet  below  the 
«  gap  "  it  is  only  500  feet  oif,  notwithstanding  the  gradual  expansion  of  the  Mississippi, 
which  at  the  upper  limit  is  3,720  feet  wide,  and  at  the  lower  limit,  8,000  feet  below 
the  "  gap,"  it  is  4,815  feet  in  width,  as  measured  between  the  3- foot  curve  of  each  bank. 

From  the  south  point  for  a  distance  of  about  1,300  feet  down-stream,  the  two  sur- 
veys compared  are  one  of  1866,  and  the  other  1876,  which  give  a  mean  shoaling  of  1.6 
feet  in  the  ten  years,  or  0.16  foot  per  year. 

From  the  above-mentioned  limit,  1,300  feet  below  the  south  point  of  "gap"  to 
Cubitt's  House,  we  have  two  surveys  for  comparison,  one  executed  in  1866  by  Assist- 
ant Gerdes,  and  the  other  by  my  party  in  IW'7,  giving  an  interval  of  eleven  years ; 
over  this  space  there  has  been  a  mean  shoaling  of  3.9  %et,  or  0.35  foot  per  year. 

From  Cubitt's  House  to  the  Head  of  the  Passes,  including  all  the  space  now  covered 
by  the  works  for  the  improvement  of  the  channel-way  into  South  Pass,  we  have  two 
surveys  again;  one  of  1866  by  Assistant  Gerdes,  and  one  done  under  my  direction  in 
li^5  i>y  Subassistant  Braid.  These  surveys  show  a  decrease  in  depth  of  3.6  feet  in 
nine  years,  or  0.4  foot  each  year.  Where,  however,  the  present  jettied  channel  into 
South  Pass  is  located  there  has  been  a  decided  deepening. 

A  subsequent  survey,  under  the  direction  of  the  Commission,  indi- 
cates the  continued  progress  of  this  deterioration  of  the  channel,  which 
already  threatens  serious  consequences  to  the  maritime  commerce  of  New 
Orleans. 

The  great  loss  of  section,  extending  many  miles  below  Malone's,  Riv- 
erton,  Bolivar,  and  Mound  Place,  and  consequent  upon  these  crevasses 
in  1882;  and  also  the  enlargement  of  the  low- water  section  below  Bon- 
net Carrd,  caused  by  the  closing  of  this  crevasse  in  the  same  year,  were 
fully  described  in  the  last  annual  report  of  the  Commission  (1883,  p. 
16,  and  Appendix  D,  part  4,  p.- 171). 

That  such  results  are  not  only  local  but  cumulative — throughout  long 
reaches — is  alscf  indicated  by  observations.  The  guage  records  of  flood 
heights,  and  the  knowledge  of  facts  connected  with  them,  are  not  ex- 
tended or  complete  enough  to  possess  full  authority.  But  if  Memphis 
and  Natchez  are  respeccively  selected  as  locations  characteristic  of  un- 
leveed  and  levee.d  fronts,  and  the  existing  record  at  each  point  divided 
into  two  parts  covering  equal  time  periods,  and  the  means  compared, 
it  shows  that  the  floods  along  the  unleveed  fronts  have  become  greater 
during  the  latter  half  of  the  time  covered  by  the  record,  while  for  the 
same  relative  time  along  leveed  fronts  they  have  been  less.  As  there  is 
no  doubt  of  the  increase,  during  this  time,  of  one  factor  of  sectional 
area — width— any  tendency  to  greater  flood  heights  along  unleveed 
fronts  means  a  more  than  proportionate  decrease  of  the  depth.  The  re- 
verse of  this  is  the  apparent  inference  along  the^  leveed  front. 

These  two  points,  Memphis  and  Natchez,  have  been  selected  as  fairly 
representative,  having  the  longest  records  (67  and  82  years,  respectively), 


2550      REPORT   OF   THE    CHIEF    OF   ENGINEERS,  U.  S.  ARMY. 

and  being  least  affected  by  conditions  not  under  consideration.  An  ex- 
amination of  the  adjacent  gauge  records  does  not  conflict  with  the  infer- 
ence drawn  from  those  cited. 

Again,  the  greater  oscillation  between  high  and  low  water  at  the 
mouth  of  the  tributaries  than  at  intermediate  points  ha«  long  been 
observed.  It  is  presented  here  in  tabulated  form  for  the  gauge  stations 
at  the  -mouths,  and  one  intermediately  located.  It  is  represented  graph- 
ically for  all  gauge  stations  in  Plate  No.  1. 


Location. 


Cairo,  month  of  Ohio — 

Fulton,  intermediate 

Helena,  mouth  of  Saint  Francis 

Malone's.  intermediate 

Mouth  Whito  River 

Lake  Provi(h*nce,  intermediate. 

Vicksburg,  mouth  of  Yazoo 

Natchez,  intermediate 

Mouth  Rod  River 


Mean  of 

Bxtrome. 

laAtfive 

years. 

53.17 

43.48 

34.55 

30.13 

47.20 

3a  57 

34  05 

33.91 

48.40 

40.06 

40.90 

32.91 

51.10 

39.85 

50.30 

38.04 

48.50 

39.39 

These  differences  of  relative  level  have  generally  been  attributed  to 
abnormal  local  flood  elevations,  caused  by  increase  of  volume  at  the 
mouths  of  the  tributaries.  The  reverse  of  this  is  the  truth.  The  dif- 
ference is  in  the  extreme  fall  and  not  in  the  extreme  rise  at  these  points. 
The  bed  of  the  river  has  adjusted  itself  to  the  annually  recurring  de- 
mands of  the  discharge  by  increasing  its  depth  where  they  are  greatest, 
and  diminishing  it  where  the  discharge  is  dissii)ated  by  successive  out- 
lets. 

It  will  be  noted  that,  while  by  far  the  greater  part  of  this  difference 
of  oscillation  is  in  the  depression  of  low  wat^r,  yet  there  is  some  trace 
of  abnormal  flood-height.  As  the  average  considered  includes  three 
of  the  greatest  floods  on  record,  this  would  partially  disappear  were 
the  term  of  years  extended. 

As  the  low  water  surface  closely  conforms  to  the  controlling  bars,  it 
seems  obvious  that  any  such  general  elevation  or  convexity  of  bed  as  is 
found  between  the  tributaries  must  make  these  bars  more  prominent 
and  obstructive  to  navigation.  Between  the  Yazoo  and  the  Red  rivers 
where  levees  have  been  comparatively  well  maintained,  giving  uniformity 
of  bank  height  and  discharge,  this  irregularity  of  low- water  slope  does 
not  recur,  and  the  navigation  is  three  or  four  feet  better. 

Since  such  levees  a«  have  been  built  have  never  restrained  the  higher 
floods  in  safety,  it  cannot  be  expected  that  the  "closing  of  existing 
gaps"  will  sultice  to  restrain  volumes  greater  than  those  which  have 
heretofore  overwhelmed  them;  or  to  fairly  test  the  principles  upon 
which  the  recommendation  of  levees  by  the  Commission  is  based.  They 
must  be  higher,  stronger,  and  more  continuous  than  they  have  hereto- 
fore been  built. 

The  grade  of  levees  for  the  improvement  of  navigation  should  be  at 
least  the  normal  height  of  the  bank  of  the  river,  or  the  height  to  which 
the  bank  would  be  built  by  such  floods  as  recur  with  sufficient  fre- 
quency to  ex(Tt  an  api)reciable  influence  in  bank  building  or  enlarge- 
ment of  water-way.  This  grade  is  approximately  indicated  by  points 
on  or  near  the  margin  of  the  river,  well  above  general  overflow,  where 
deposit  has  been  carried  to  a  natural  limit,  unchecked  by  swift  currents, 
and  undisturbed  by  caving.    This  grade  should  be  supplemented  by 
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sacb  additional  height  as  will  protect  it  against  frequent  injury  or  de- 
struction. 

Preparations  must  also  be  made  in  the  grade  for  such  increase  of 
flood  elevation  as  will  at  first  and  during  the  period  of  readjustment  en- 
sue from  the  introduction  of  greater  volume  between  levees,  when  made 
more  continuous.  It  is  not  possible  to  predict  at  present  to  what  this 
will  amount,  and  it  is  probable  that  an  exact  conclusion  will  only  be 
reached  by  experience. 

There  are  variables  entering  into  the  problem  so  subtle  as  to  require 
additional  investigation  and  study.  This  is  now  being  given.  Numer- 
ous observed  facts  indicate  that  guage  heights  for  great  discharge 
cannot  be  predicted  by  extending  the  curves  constructed  at  low  and 
medium  stages  with  these  elements  as  co-ordinates. 

Many  of  the  discharge  curves  of  the  observations  of  1881-'82  and 
other  years  show  great  irregularities  in  this  respect. 

The  high-water  curve  plotted  on  Plate  I  is  of  remarkable  symmetry, 
while  the  breaks  in  the  low-water  curve,  to  which  the  profile  of  the  bed 
coniorms,  are  greater  and  more  abrupt.  The  imprint  of  the  flood's 
power  is  on  the  bottom  and  not  on  the  surface.  The  slo]>e  has  proved 
more  inflexible  than  the  bed.  The  capacity  of  the  river  has  increased 
as  the  discharge. 

This  indicates  that  increment  of  volume  will  not  be  piled  on  top  of  the 
present  flood  heights,  and  that  flood  slopes  cannot  be  changed  over  long 
distances  from  .25  to  .75  per  cent.  The  material  of  the  bed  does  not  pos- 
sess stability  under  the  Irictioual  resistance  which  such  increased  slopes 
would  indicate.  Indeed,  the  impossibility  of  maintaining  a  slope  greater 
than  the  average  is  indicated  in  the  promptness  with  which  slope  is 
readjusted  at  every  cut-oft,  where  within  a  few  hours  the  process  of 
distribution  is  evident  for  very  long  distances,  both  above  and  below. 

It  is  believed,  to  the  contrary,  that  if  an  increase  of  .50  to  .75  of  the 
discharge  can  be  arbitrarily  and  repeatedly  withdrawn  from  and  re- 
injected into  the  bed  with  very  slight  slope  disturbance,  it  can  be  re- 
tained throughout  the  entire  course  of  the  river,  and  that  even  the 
maximum  present  discharge,  by  careful  and  judicious  engineering,  can 
be  yet  further  safely  increased,  without  ultimately  raising  the  flood 
plane. 

The  following  tabulated  extract  from  Plate  No.  I  compares  high  and 
low  water  slopes  between  the  tributaries  and  a  single  intermediate  sta- 
tion: 


Location. 


Slopes  per  mile. 


Bigh 
I  waUr. 

Cairo  to  Falton '      .436 

Fnlum  to  Helen* .426 

Helena  to  Malone*8 .1      .400 

Ma'ooe's  to  White  River '      .327 

Wbue  River  to  Lake  Providence .327 

Lake  Providence  to  Vicksbarg i      .276 

Vick«borg  to  Natchez 1      .291 

Natcbex  to  Red  River I      .194 


Low 
water. 
.360 
.490 
.302 
.490 
.278 
.398 
.?.V7 
.218 


It  is  assumed  that  no  argument  is  here  needed  to  attest  the  practica- 
bility of  a  levee  system.  It  is  thoroughly  established  by  a  large  expe- 
rience that  faithfully-constructed  levees,  of  sufficient  jjroportions  and 
age  enough  to  have  settled  and  become  sod  covered,  will  resist  any 
pressure.    Of  149  breaks  in  the  Yazoo  front  in  1882, 147  were  c^vused  by 
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water  running  over  the  levees  and  eroding  the  rear  slope.  Caving  of 
banks  destroys  far  more  than  all  other  causes  combined  ;  but  such  loss 
will  be  reduced  as  caving  is  prevented,  and  permatieiice  of  bank  will 
make  the  maintenance  of  levees  of  inconsiderable  cost. 

We  therefore  conclude  that  levees,  such  as  have  been  herein  de 
scribed,  are,  in  connection  with  an  equalization  of  width  and  the  pre- 
vention of  caving,  an  important  part  of  any  general  and  systematic  plan 
for  the  improvement  of  the  navigation  and  the  prevention  of  destructive 
floods ;  and  we  do  recommend  the  construction  of  new  and  raising  of 
existing  levees  along  all  parts  of  the  river  where  the  highlands  are  too 
remote  to  check  the  passage  of  large  volumes  of  flood  water  outside  the 
bed  of  the  river;  or,  in  other  words,  on  the  entire  right  and  also  on  the 
left  bank  below  Baton  Rouge,  and  from  the  Yazoo  River  to  Horn  Lake, 
below  Memphis. 

As  this  recommendation  extends  to  levees  below  Ked  River,  where 
excellent  facilities  for  navigation  now  exist,  special  reasons  therefor 
seem  necessary.  It  is  not  important  here  to  repeat  at  length  the  prin- 
ciples on  which  are  formed  the  regimen  of  a  river  so  strictly  alluvial  as 
the  Lower  Mississippi.  It  has  already  been  stated  in  the  discussions  of 
the  Commission  that  the  dimensions  of  the  river  are  of  its  own  creation ; 
that  a  larger  volume  collected  in  one  bed  is  discharged  with  less 
friction,  other  things  being  equal,  and  therefore  with  less  slope,  and 
more  beneficent  results  to  navigation  and  riparian  interests;  while  sub- 
division of  volume,  on  the  contrary,  meets  proportionately  more  resist- 
ance in  each  minor  channel,  and  therefore  requires  more  slope. 

It  follows  from  this  law  that  every  step  in  the  improvement  of  the 
river,  including  its  delta,  which  begins  at  the  junction  of  the  Missis- 
sippi and  Atchafalaya,  should  be  in  the  direction  of  the  assembling  of 
its  many  outlets  into  one  channel,  while  subdivision  in  passes  or  dis- 
persion through  crevasses  is  a  grave  error. 

Besides  these  general  reasons,  there  are  others,  local  in  character  bat 
of  great  importance,  which  will  appear  on  examination  of  the  physical 
condition  of  this  region  why  the  work  of  improvement  should  include 
this  part  of  the  river. 

As  has  just  been  said,  the  point  where  the  Atchafalaya  diverges  from 
the  Mississippi  is  the  true  head  of  the  delta,  of  which  the  Mississippi, 
Atchafalaya,  and  Lafourche  are  the  only  remaining  passes  or  natural 
outlets.  The  capacity  of  discharge  of  neither  of  these  channels  is  nor- 
mally equal  to  that  of  the  river  above,  jusf^ais  in  the  subdelta  neither 
the  South  or  Southwest  Passes  or  Pass  h  POutre  has  the  capacity  of  the 
river  above  their  joint  head.  But  it  is  known  that  the  Mississippi  and 
Atchafalaya  together  cannot  now  discharge  the  volume  of  a  great  flood 
without  disastrous  overflow  in  the  region  they  traverse. 

Thus,  in  1882,  the  total  flood  discharge  from  the  drainage  basin  above 
the  head  of  the  delta  reached  2,200,000  cubic  leet  per  second,  divided 
approximately  as  follows:  Down  the  Mississippi,  1,450,000;  through 
the  Tensas  Basin  as  overflow,  500,000;  and  down  the  Red  and  Black 
rivers,  250,000  cubic  feet  per  second.  Of  this,  1,595,000  escaped  down 
the  Mi8sissip])i  below  Red  River,  and  281,000  down  the  Atchafalaya. 
The  balance  of  324,000  cubic  feet  per  second  entered  neither  stream, 
but  escaped  broadcast,  to  the  Gulf,  over  the  country. 

The  redistribution  of  a  similar  flood  discharge,  as  effected  by  the 
completion  of  the  levees  above  Bej^i  River,  would  be  1,950,000  from  the 
Mississippi  and  250,000  from  the  Red  and  Black. 

Under  these  circumstances,  one  of  two  results  is  inevitable^  and  either 
jfQuId  necessitate  precautionary  work. 
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In  the  first  case  the  volnme  discharging  down  the  Mississippi  below 
Red  River  would  be  largely  increased.  This  would  require  the  temjiorary 
raising  and  strengthening  of  the  levees  on  that  part  of  the  river.  In  the 
other  case  the  water  which  now  escapes  in  floods  through  crevasses  in  the 
Tensas  front  and  returns  in  part  to  the  Mississippi  through  Old  River 
would  reverse  this  movement  if  kept  in  the  Mississippi,  and  would  seek 
the  lower  levels  of  the  Red  and  Atchafalaya  through  Old  River  with 
such  force  as  not  only  to  arrest  the  filling  which  now  annually  occurs 
in  this  channel,  but  also  to  deepen  it  and  connect  the  deep  water  in  the 
Mississippi  with  that  in  the  Atchafalaya.  This  must  be  prevented  at 
all  hazards  by  work  preceding  the  exclusion  of  flood  water  from  the 
Tensas  Basin. 

These  discharges  of  the  Mississippi  and  Atchafalaya  (respectively 
1,595,000  and  281,000  cubic  feet  per  second)  are  maintained  for  but 
a  ver3'  short  distance  from  the  junction.  Their  capacity  is  rapidly 
reduced  as  they  descend  by  repeated  loss  of  volume  over  insnflBcient 
levees.  Thus,  while  the  Mississippi  has  a  capacity  at  the  gauge  just 
below  the  mouth  of  Red  River  of  about  1,500,000  cubic  feet  per  second, 
at  Carrolltou,  just  above  New  Orleans,  it  does  not  exceed  1,000,000,  as 
established  by  the  following  gaugiugs  and  computations: 

Cubic  feet 

1851,  Humphreys  and  Abbot 1, 1;V2,000 

I'^oH,  Humphreys  and  Abbot 1,18^,000 

Iti&^y  Mississippi  River  Commission 987,000 

16f*\y  Mississippi  Kiver  Commission 79*^,000 

1882,  Mississippi  River  Commission 921,000 

1883,  Mississippi  River  Commission 1,079,000 

The  surplus  power  of  the  flowing  water  is  wasted  over  and  through 
levees  notsuflicient  in  grade  or  strength  to  convert  it  into  work.  They 
oft'er  less  resistance  than  the  bed  of  the  stream.  Thus,  in  1884,  the  dis- 
charge at  Red  River  gauge  was  upwards  of  1,400,000,  and  at  CarroUton 
about  1,000,000  cubic  feet  per  second,  while  between  were  the  following 
crevasses : 

Cabic  feet. 

Morganza 211,000 

Waterloo 46,000 

Bel  Air 14,000 

Gnidry'e 3,000 

Davis 140,000 

Total 414,000 

Similar  breaks  occur  whenever  the  discharge  past  Red  River  gauge 
largely  exceeds  1,000,000  cubic  feet  per  second.  It  is  literally  true  that 
these  levees  are  awash  in  every  flood  of  magnitude  for  hundreds  of 
miles.  For  long  distances  the  waves  Irom  storms  and  steamboats  over- 
run them,  and  a  continual  outflow  is  only  prevented  in  many  places  by 
boards  set  on  edge  and  sandbags.  It  is,  therefore,  impossible  safely  to 
increase  the  slope  even  by  a  few  inches  in  300  miles,  and  without  this 
the  velocity  cannot  be  increased  nor  the  resistance  diminished. 

The  mere  introduction  of  additional  volume  into  the  upper  end  of  a 
channel  is  not  a  practical  compliance  with  the  principles  underlying 
the  plan  of  the  Commission.  The  condition  of  affairs  just  described  has 
been  substantially  unchanged  for  upwards  of  fifty  years — since  the  ex- 
tension of  levees  up  to  Red  River — and  yet  the  volume  discharged  past 
that  point,  and  recurring  approximately  with  every  flood,  has  not 
wrought  out  for  itself  below,  in  these  many  years,  a  suflBcient  water- 
way.   It  has  run  vagrant  over  the  fields,  rather  than  work.    The  re- 
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straint  and  concentration  of  the  present  supply  of  energy  logically  pre- 
cedes its  increase.  Without  this,  additional  volume  only  means  waste 
of  power  and  disaster  from  overflow. 

While  the  enlargement  of  any  outlet,  natural  or  artificial,  should  be 
promptly  and  finally  arrested,  the  levees  from  Eed  River  down  should 
be  sufficiently  raised  and  strengthened  to  restrain  and  apply  eftectively 
such  power  as  resides  in  the  mass  of  water  now  necessarily  discharging 
and  to  be  discharged  between  them  before  greater  servitude  is  imposed, 
otherwise  the  treatment  of  the  river  becomes  merely  local,  of  partial 
measures  inconsistent  with  a  general  plan  and  general  improvement. 
Such  a  plan  must  protect  any  and  all  parts  of  the  river  against  the 
direct  consequences  of  its  application  to  other  parts  by  providing  for 
the  safe  conduct  to  the  Gulf  of  a  more  rapid  discharge  of  the  volume 
flowing  from  above. 

Therefore,  it  is  the  opinion  of  the  Commission  that  the  building  of 
levees  for  the  improvement  of  navigation  in  the  obstructed  portion  of 
the  river  cannot  proceed  indefinitely  without  involving  damages  to  the 
proprietary  interests  below ;  and  if  this  portion  of  the  improvemert  to 
navigation  is  to  proceed,  provision  must  be  made  for  strengthening  and 
raising  the  levees  in  the  lower  portion  of  the  river  where  navigation  is 
now  good. 

This  recommendation  is  not  based  on  conditions  which  will  be  contin- 
ually increa,siug  or  even  permanent.  No  reason  is  apparent  why  the 
law  that  a  larger  volume  of  water  flows  through  a  bed  adjustable  by  its 
own  forces  to  Its  own  needs,  with  less  resistance  and  slope,  should  not 
ultimately  be  fully  operative  here. 

During  the  transition  period  unquestionably  the  increase  of  work  will 
be  indicated  by  increase  of  slope,  which  will  disappear  as  the  equilib- 
rium is  re-established. 

The  following  general  order  is  believed  to  be  judicious  in  the  comple- 
tion of  a  levee  system.  As  its  object  is  generally  to  enlarge  the  water- 
way, a  common-sense  analogy  is  found  in  the  homely  art  of  ditching. 
It  should  begin  at  the  lower  end.  Each  bottom,  the  Manchac,  La- 
fourche, and  Atchafalaya,  constituting  Lower  Louisiana,  the  Tensas, 
Yazoo,  White,  and  Saint  Francis,  should  be  inclosed  in  order,  from  be- 
low upwards. 

In  each  bottom,  as  it  is  reached  in  the  foregoing  order,  the  most  im- 
portant levees,  as  restraining  the  greatest  escape  of  water,  should  be  first 
constructed. 

RECTIFICATION  OF  RED  AND  ATCHAFALAYA  RIVERS. 

The  situation  at  the  mouth  of  Eed  Eiver  is  one  which  has  engaged 
the  attention  of  the  Commission  from  the  beginning  of  its  work.  The 
subject  has  been  discussed  in  some  of  its  aspects  in  former  reports,  but 
the  formulation  of  a  complete  and  comprehensive  plan  has  been  deferred 
from  time  to  time  for  the  sake  of  the  advantages  to  be  gained  by  further 
observation,  experience,  and  study.  After  full  consideration  of  the 
matter  the  Commission  is  now  prepared  to  present  a  plan  for  the  treat- 
ment of  this  very  difficult  problem  which  is  believed  to  meet  all  the 
requirements  of  the  situation,  and  to  be  in  point  of  practicability,  safety, 
and  economy  the  best  that  can  be  devised. 

It  is  considered  that  any  plan  for  this  work  ought  to  comprehend  the 
prevention  of  the  divergence  of  the  Mississippi  River  into  the  Atcha- 
falaya Basin,  the  closure  of  any  depleting  outlet  at  that  point,  either 
existing  now  or  likely  to  be  induced  by  changes  which  are  reasonably 
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to  be  anticipated,  and  the  preservation  of  the  navigation  of  the  Red 
and  Atchafala^a  rivers.  That  it  shall  provide  for  the  immediate  ac- 
complishment of  all  these  ends  is  not  necessary,  but  that  it  shall  pro- 
vide contingently  for  them  all  is  necessary  to  its  completeness.  It  is 
necessary  also  that  it  shall  harmonize  with  the  conditions  which  will 
follow  the  exclusion  of  overflow  from  the  Tensas  and  Atchafalaya  basins. 

Whether  the  levees  necessary  to  prevent  such  overflow  shall  be  erec- 
ted by  the  United  States  or  the  States,  or  both,  is  not  at  all  material. 
That  these  great  areas  of  land  will  be  reclaimed  and  occupied  must  be 
anticipated,  and  any  wise  plan  for  the  treatment  of  the  present  situation 
must  take  that  future  fact  into  accouut,  and  not  only  harmonize  with 
the  conditions  which  will  then  exist,  but  must  consist  with  the  greatest 
safety  of  life  and  property  in  all  localities  liable  to  be  affected  by  it. 
It  has  been  the  purpose  of  the  Commission  in  the  plan  proposed  to  sat- 
isfy all  these  conditions. 

For  the  full  information  of  Congress  on  this  important  subject  it  has 
been  thought  well  to  present  in  some  detail,  not  only  that  plan  which  is 
recommended  by  the  Commission,  as  the  best  one,  but  all  that  have  been 
considered. 

TOTAL  DEFLECTION  OF  THE  RED  INTO  THE  MISSISSIPPI. 

A  plan  fully  to  accomplish  this  object  would  jiecessarily  include  the 
following  parts : 

1.  A  dam  at  or  near  the  head  of  the  Atchafalaya. 

2.  The  connection  of  the  dam  with  lines  of  levees  of  suflBcient  height 
to  restrain  all  floods. 

.   3.  Locks  at  Plaquemine  and  the  improvement  of  Bayou  Plaquemine 
and  the  Grand  and  Atchafalaya  rivers. 

4.  Eaising  the  levees  of  the  Mississippi  below  Eed  Kiver. 

These  constituent  parts  will  be  considered  in  the  foregoing  order. 

First.  The  selection  of  a  location  for  a  dam  is  limited  to  the  Atcha- 
falaya itself — in  which  one  would  be  sufficient — and  to  Old  Kiver,  where 
two  would  be  required,  one  above  the  head  of  the  Atchafalaya,  between 
it  and  the  mouth  of  Red  River,  and  the  other  below,  or  between  the 
head  of  the  Atchafalaya  and  the  lower  end  of  Turn  bull's  Island.  Both 
of  these  latter  dams  would  extend  from  the  right  bank  of  lower  Old 
Eiver  to  TumbulPs  Island.  The  selection  of  location  would  be  con- 
trolled by  the  nature  of  the  foundation,  the  materials  available,  the 
safety  of  the  completed  structure,  and  the  relative  cost. 

The  dam,  if  placed  in  the  Atchafalaya,  would  be  about  1,000  feet 
long.  Its  maximum  height  would  be  about  100  feet.  The  lower  half 
would  be  built  below  low  water,  in  a  depth  of  about  50  feet,  and  the 
floods  would  bring  a  head  of,  say,  52  feet  against  it.  The  foundation 
would  be  in  clay  and  sand.  Dams  in  Old  River  would  each  be  about 
3,000  feet  long,  with  a  net  height  of  about  60  feet.  The  flood  head 
would  be  the  same  as  that  against  the  dam  in  the  Atchafalaya.  The 
foundation,  however,  is  very  much  worse,  consisting  of  the  recent  and 
loose  dei>osit  with  which  the  bed  of  Old  River  is  filled  to  a  very  great 
depth,  and  it  is  impossible  to  foresee  to  what  extent  a  heavy  dam  would 
sink  before  attaining  stability. 

Three  materials,  to  be  used  wholly  or  in  combination,  are  available — 
brushy  earth,  and  stone.  Since  the  upper  side  of  the  dam  is  alternately 
wet  and  dry  with  every  change  of  stage,  and  the  lower  side  constantly 
exposed  to  atmospheric  influence,  the  use  of  brush,  from  its  perishable 
nature  under  these  conditions,  is  quite  inadmissible  above  low  water. 
ItB  permeable  and  compressible  nature  also  unfits  it  for  use  below  low 
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water,  with  the  great  weight  and  head  to  which  it  would  be  subjected. 
The  objectious  to  the  exclusive  use  of  earth  are  the  depth  of  water  in 
which  it  is  to  be  deposited  aud  the  necessity  of  completing  a  work  of 
this  material  between  two  successive  floods,  or  else  of  protecting  it  in 
an  incomplete  state  against  a  flood,  at  great  risk  and  cost.  The  objec- 
tions to  stone  are  its  great  weight  and  cost.  These  considerations  de- 
cide the  Commission,  in  case  this  work  is  done,  to  favor  a  dam  consist- 
ing of  two  transverse  stone  retaining  walls,  built  of  riprap  and  extend- 
ing up  to  low  water,  with  outer  slopes  of  1  on  2  and  inner  slopes  of  1 
on  1.  The  distance  between  the  crests  of  these  walls  will  be  the  width 
of  the  base  of  an  earthen  embankment  with  slopes  of  1  on  4,  a  crown  of 
40  feet,  and  of  the  requisite  height.  The  earthwork  should  be  thor- 
oughly^ faced  with  stone. 

This  being  the  advisable  construction  of  the  dam,  the  Commission  is 
confident,  from  the  foregoing  considerations,  that  the  location  in  the 
Atchafalaya  oflers  advantages  of  security  and  economy  not  found  in 
Old  River,  and  also  that  the  dam  should  be  placed  below  the  mouth  of 
the  Bayou  des  Glaizes,  through  which  stream  a  large  volume  of  over- 
flow enters  the  Atchafalaya.  The  contents  of  this  dam  will  be  about 
3,000,000  cubic  yards  of  earth  and  200,000  of  stone,  for  which  an  esti- 
Inate  of  $2,000,000  is  submitted. 

Second.  The  overflow  of  the  Atchafalaya  Valley,  as  measured  in  the 
flood  of  1882,  is  much  greater  than  the  discharge  of  that  river  within 
its  bed.  But  as  this  is  largely  composed  of  Red  River  water,  and  the 
overflow  would  have  free  access  to  the  stream  through  innumerable 
bayous  below  the  dam,  on  either  side,  it  is  as  important  to  exclude  this 
overflow  as  the  discharge  of  the  stream  itself.  The  work  required  to 
effect  this  would  be  the  raising  of  the  levees  on  the  south  bank  of  the 
Bayou  des  Glaizes,  and  up  the  left  bank  of  the  Atchafalaya  from  the 
dam  to  its  head  and  along  the  south  side  of  Old  River  to  the  Missis- 
sippi ;  for  which  an  estimate  of  1,400,000  yards,  at  25  cents,  or  $350,000, 
is  submitted. 

Third.  It  is  not  presumed  to  be  the  intention  of  the  Government  to 
close  inland  access  to  the  navigation  of  the  Atchafalaya,  Teche,  and 
other  streams  of  that  system,  500  miles  in  length,  through  a  country 
annually  sending  out  $8,(X)0,0()0  of  agricultural  products,  as  shown  by 
the  census  of  1880,  and  for  the  improvement  of  which  the  plans  and 
appropriations  have  already,  from  time  to  time,  been  made  by  the  Gov- 
ernment. 

Locks  at  Plaqueraine  and  the  improvement  of  Bayou  Plaquemine 
and  Grand  and  Atchafalaya  rivers  are  essential  to  connect  this  navi- 
gation with  the  Mississippi  in  case  the  above-mentioned  dam  is  built, 
and  are  therefore  considered  as  constituting  an  essential  part  of  the 
project.  An  estimate  to  give  5  feet  navigation  has  been  prepared  for 
this  work,  under  the  direction  of  the  Commission  by  Maj.  A.  Stickney, 
Corps  of  Engineers,  U.  S.  A.,  and  is  now  submitted : 

Locks  aud  improvement  of  Bayou  Plaquemine $1, 167, 648  40 

Improvement  of  Grand  River 285,972  50 

Improvement  of  Atchafalaya  River 108, 000  00 

Total 1,561,620  90 

Fourth.  The  fjaugings  made  by  the  Commission  in  the  vicinity  of  the 
mouth  of  Red  Eiver  during  the  flood  of  1882,  established  the  follow- 
ing facts  :  In  that  year  about  1,950,000  cubic  feet  per  second  reached 
the  latitude  of  the  mouth  of  Red  River  from  the  drainage  basin  of  the 
Mississippi,  of  which  1,450,000  came  down  that  river  apd  500^000 
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through  the  Teusas  Basiu  as  overflow.  To  this  volume  the  Eed  and 
Black  rivers  added  about  250,000  feet.  The  discharge  below  lied  River 
was  approximately  distributed  as  follows :  Past  lied  River  Landing, 
1,595,000;  overflow  between  Red  River  Landing  and  Carrollton,  674,000; 
past  Carrollton,  921.000 ;  down  the  Atchafalaya,  281,000;  and  overflow 
through  the  Atchafalaya  Basin,  324,000  cubic  feet  per  second.  The 
completion  of  the  work  required  by  the  last  river  and  harbor  bill 
would,  under  conditions  similar  to  those  of  1882,  have  increased  the 
discharge  below  Red  River  to  2,200,000  cubic  feet— -005,000  cubic  feet, 
or  38  per  cent.  With  the  discharge  actually  occurring  in  tbat  year  the 
overflow  was  674,000  cubic  feet.  With  the  above  increase  it  would  have 
been  1,279,000  cubic  feet  per  second. 

The  difliculty  and  risk  attending  the  execution  of  this  plan  are  appar- 
ent from  the  following  considerations :  The  conditions  below  Red  River 
have  been  sustantantially  unchanged  since  the  completion  of  levees  up 
to  that  point,  over  fifty  years  ago.  Since  that  time  the  flood  discharge 
at  Red  River  Landing  has  repeatedly  approximated  1,500,000  cubic  feet 
per  second,  while  the  highest  flood  on  record  at  New  Orleans,  tbat  of 
1883,  gave,  by  actual  measurement,  less  than  1,100,000.  The  surplus 
alM)ve  this  latter  amount  has  been  lost  over  and  through  insuflftcient 
levees.  During  these  many  years  the  larger  volume  passing  Red  River 
Landing  has  failed  to  excavate  for  itself  sufficient  waterway  below.  The 
reason  is  obvious.  The  power  of  the  discharge  above  must  be  controlled 
and  converted  into  work  by  levees  oflering  greater  resistance  than  the 
bed  before  the  discharge  can  be  increased.  The  measure  of  the  work  re- 
quired of  the  river  will  first  be  indicated  by  an  increased  slope.  But  this 
is  not  possible  on  that  part  of  the  river  under  discussion,  as  the  levees  are 
already  awash  for  hundreds  of  miles  in  great  floods,  and  are  only  held 
by  temporary  devices.  Hence  they  must  be  raised  during  the  transi- 
tion period  and  until  readjustment  is  reached.  In  the  next  place,  full 
security  during  and  after  the  execution  of  the  work  cannot  be  assured 
without  higher  levees.  It  is  entirely  i)ossible,  and  therefore  must  be 
provided  for  as  a  contingency  of  the  work,  that  for  a  series  of  years 
there  may  be  no  flood  of  magnitude  nor  coincidence  of  floods  in  the  two 
rivers.  Thus,  from  1877  to  1881,  both-  included,  the  flood  only  once, 
and  then  barely,  attained  mean  high-water  mark,  or  3  feet  below  the 
crest  of  the  levee  at  Baton  Rouge  as  determined  by  the  average  height 
of  all  known  gauge  records  below  Red  River.  During  such  a  period 
the  closure  of  the  Atchafalaya  might  be  completed  without,  in  any  one 
year,  throwing  into  the  Mississippi  below  a  volume  greater  than  the 
average  flood  discharge  under  present  conditions.  In  such  case  no  pro- 
gressive enlargement  of  bed  could  be  expected,  and  when  after  the 
completion  of  the  dam  a  great  flood  should  come,  as  did  in  1882,  or  the 
floods  of  the  Mississippi  and  Red  should  combine,  the  full  eflfect  of  the 
work,  as  indicated  in  the  raising  of  the  flood-plane,  would  practically 
have  to  be  encountered  in  a  single  year. 

For  the  cost  of  the  increase  of  levees,  assumed  to  be  necessary  during 
the  execution  of  the  foregoing  plan,  estimates  are  submitted. 

The  estimates  are  divided  into  two  parts,  the  first  of  which  represents 
the  amount  necessary  to  place  the  present  system  of  levees  in  such  con- 
dition as  they  ought  to  be  to  safely  restrain  the  floods  now  occurring, 
without  any  change  of  conditions  at  Red  River.  This  is  assumed  at  a 
mean  raise  of  2  feet  in  the  grade. 

The  second  part  represents  the  additional  work  directly  consequent 
ax>OD  the  changes  at  Red  River  proposed  by  the  plan  now  under  dis- 
casfiion,  aesomed  at  2  feet  of  additional  height. 
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To  restrain  floods  of  tbe  beigbts  recently  experienced  on  the  Lowot 
Mississippi  tbe  levees  would  biive  to  be  raised  below  Eed  Eiver,  and  for 
this  purpose  a  mean  increase  of  height  of  2  feet  has  been  taken,  and  the 
amount  required  is  $2,872,500. 

Tbe  plan  under  consideration  if  executed  will  increase  the  volume  of 
these  floods,  and  necessitate  a  further  increase  of  grade. 

This  is  also  assumed  at  2  feet  mean  raise,  and  the  amount  required 
for  this  work  would  be  $3,727,500 ;  total,  $6,000,000. 

Total  estimate  for  the  execution  of  the  project. 

Dam $2,000,000 

ConnectiDg  levees 350, 000 

Locks  and  improvment  of  counected  rivers 1,561,620 

Raising  levees  below  Red  River ^ '6, 600, 000 

Total 10,511,620 

The  objections  to  this  plan  may  be  summarized  in  the  statement  that 
it  is  costly,  difficult,  and  dangerous  beyond  tbe  necessities  of  the  case. 

There  is  no  evidence  that  there  ever  was  a  time  when  the  entire  dis- 
charge of  tbe  lied  and  Mississippi  at  their  greatest  floods  passed,  or 
could  ])ass,  down  the  Mississippi  channel.  The  attempt  proposed  by 
this  plan  to  compel  such  a  result  is  an  experiment  with  the  forces  of 
nature  on  an  enormous  scale  and  by  a  method  which  admits  of  no  quali- 
fied trial.  Tbe  bead  of  tbe  Atcbafalaya  being  once  shut  up,  tbe  entire 
flood  and  all  floods  must  be  carried  to  tbe  Gulf  down  the  main  channel. 

Four  feet  is  tbe  height  which  has  been  assumed  as  tbe  mean  addi- 
tion to  existing  levee  grades  below  Red  River  necessary  to  provide  for 
this  increased  discbarge.  This  addition  would  not  be  uniform,  but 
would  exceed  the  mean  along  a  considerable  portion  of  the  river's 
course.  Crevasses  are  possible  in  tbe  best-built  and  best-guarded 
levees ;  and  when  tbey  do  occur  every  foot  of  flood  elevation  above 
the  level  of  the  surrounding  country  adds  greatly  to  their  disastrous 
effects.  At  tbe  elevation  to  which  a  great  flood  would  be  carried  by 
the  execution  of  this  plan  in  some  parts  of  tbe  rivers  below,  where 
the  adjacent  country  is  bigbly  cultivated  and  densely  populated,  a 
crevasse  would  come  with  a  fury  and  destructiveness  to  which  no 
former  experience  would  furnish  any  parallel.  Tbe  dangers  here  in- 
dicated would  exist  in  a  peculiar  degree  at  tbe  proposed  dam  ax^ross 
the  Atcbafalaya.  Such  a  dam  as  would  be  necessary  in  this  case, 
upon  the  foundation  existing  for  it,  cannot  be  regarded  as  a  struct- 
ure beyond  the  reach  of  accident,  however  well  made  or  watched^ 
and  the  breaking  of  such  a  dam,  with  a  bead  of  52  feet  against  it, 
and  the  empty  Atcbafalaya  Basin  below  it,  would  be  an  appalling 
event.  Tbat  it  would  immediately  precipitate  one  of  the  very  dis- 
asters it  was  designed  to  prevent,  viz,  tbe  cutting  of  a  deep  channel 
from  tbe  Mississippi  River  into  the  Atcbafalaya  Basin,  would  seem  in- 
evitable. 

It  may  be  said  that  tbe  result  of  turning  this  increased  volume  down 
the  main  channel  will  be  to  increase  its  section  by  scour,  and  so  pro- 
vide adequate  capacity  of  discbarge  without  raising  the  present  flood 
level.  That  its  tendency  will  be  to  enlarge  the  channel  is  undoubtedly 
true.  But  the  increased  flood  height  must  come  first  as  a  cause;  the 
enlargement  afterwards  as  an  effect.  How  soon  or  to  what  extent  the 
effect  will  follow  the  cause,  no  one  knows.  To  assume  that  it  will  come 
in  a  few  years,  and  act  upon  tbat  assumption  in  a  case  so  grave,  is  to 
stake  tremendous  consequences  on  the  soundness  of  a  theory. 
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It  may  be  said  also  il)at  the  plau  submitted  hereafter  by  the  Commis- 
sion involves  in  its  final  execution  a  discharge  in  the  main  river  below, 
of  the  same  volume  which  this  plan  will  require,  less  only  the  discharge 
of  Red  River.  To  which  it  may  be  answered  that  this  is  of  itself  a 
sabstantial  difference,  being  equal  to  one-eighth  of  the  discharge  above 
Red  River;  and  that  in  its  relations  to  this  river  below  it  is  a  very  im- 
portant difference.  When  a  great  flood  confined  between  levees  has 
passed  the  point  of  safety,  each  inch  of  additional  rise  adds  to  the  dan- 
ger in  an  increasing  ratio.  To  which  may  be  added  the  more  important 
fact  that  the  plan  submitted  by  the  Commission  has  this  exceeding  ad- 
vantage, that  it  can  be  executed  by  installments,  and  tested  as  it  pro- 
ceeds, without  taking  at  once  and  irrevocably,  enormous  risks. 

The  presentation  here  made  of  this  plan,  and  of  the  objections  to  it, 
have  been  extended  to  some  length  because  a  clause  in  the  last  law 
making  appropriations  for  the  Mississippi  River  appears  to  anticipate, 
if  ind^d  it  does  not  direct,  the  treatment  of  Red  River  in  the  manner 
contemplated  in  the  plan  here  discussed.  The  funds  available  out  of 
the  appropriation  were  insufficient,  however,  even  to  begin  a  work  of 
such  magnitude.  And  inasmuch  as  the  Commission  is  compelled,  for 
the  reasons  stated,  to  disapprove  the  plan,  it  seems  proper  that  the  sub- 
ject should  be  fully  discussed  at  this  time. 

Other  plans  which  have  been  proposed  will  be  briefly  discussed. 

T?i€  separation  of  the  Bed  cmd  Atchafalaya  from  the  Mississippi. 

The  separation  of  the  Red  and  Atchafalaya  from  the  Mississippi  Ri  ver 
has  been  proposed  by  extending  and  connecting  the  levees  on  the  right 
bank  of  the  Mississippi,  above  and  below  Old  River,  with  a  dam  across 
that  channel.  This  dam  would  have  to  be  constructed  with  the  same 
methods  and  materials  as  that  previously  discussed  for  the  Atchafalaya. 
While  it  would  not  be  of  equal  magnitude  with  that  dam,  either  in 
length  or  height,  or  in  the  depth  of  water  in  which  it  must  be  built,  the 
foundation  would  be  in  the  loose  deposit  with  which  the  bed  of  Old 
River  is  filled.  The  opening  of  the  Plaquemine  rout^,  as  previously  de- 
scribed, would  also  form  part  of  this  plan. 

The  discharge  below  Red  River,  on  the  basis  of  the  flood  of  1882, 
would  be  increased  355,000  cubic  feet  per  second,  or  to  1,950,000,  which 
would  still  require  some  elevation  of  levees  below. 

The  connection  of  the  dam  with  the  adjacent  levees  would  be  more 
expensive  than  in  the  previous  plan.  Estimates  are  submitted  without 
recommendation. 

Cost  of  dam - ^1*  200, 000 

Connecting  a<yacent  levees,  2,000,000  yards,  at  25  cents 500, 000 

Locks  and  improvement  of  Plaqnemine,  Grand,  and  Atchafalaya  rivers  ..     1,561,620 
To  make  secnre  present  levees  below  Red  Elver,  assumed,  as  before,  at  a 

mean  raise  of  2  feet  in  their  grade 2, 872, 500 

To  provide  for  the  increased  discharge  below  Red  River  consequent  upon 
the  execution  of  this  plan  would  require  an  additional  raising  of  grade, 
which,  aasnmed  in  this  case  at  1  foot  mean  raise,  would  require 1 ,  927, 500 

Total 8,061,620 

Major  Sticknetfs  project, 

A  project  has  also  been  submitted  by  Maj.  A.  Stickney,  Corps  of 
EngineerSy  U.  S.  A. 
This  plan  proposes  as  its  fundamental  feature  to  raise  the  bed  and 
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water  surface  of  the  lower  Red  and  upper  Atchafalaya  by  meaud  of 
submerged  dams,  and  will  be  found  fully  stated  by  its  author  in  Ap 
pendix  1  of  this  report. 

Major  Stickney's  estimate  for  the  execution  of  his  plan  is  $2,151,660. 

If  the  increase  of  discharge  down  the  Mississippi  indicated  by  Major 
Stickney  as  the  result  of  his  plan  were  realized,  we  believe  the  follow- 
ing estimates  for  levees  would  be  necessary  as  a  part  thereof. 

To  make  secure  present  levees  below  Red  River,  assumed,  as  before,  at  a 
mean  raise  of  2  feet  in  their  grade $2, 872, 5CiO 

To  provide  for  the  Increased  discharge  below  Red  River  consequent  upon 
the  execution  of  this  plan  would  require  an  additional  raising  of  grade, 
which,  assumed,  as  in  the  last  case,  at  1  foot  of  mean  height,  would  cost.     1, 927, 500 

Total 4,800,000 

Flan  for  the  rectification  of  the  Bed  and  Atchafalaya  rivers  by  preventing 
further  enlargement  of  the  latter  stream  and  restricting  its  outlet  ca- 
pacity. 

The  object  sought  to  be  accomplished  in  the  plan  which  is  now  de- 
scribed is  the  control  of  the  outlet  discharge  through  the  valley  of  the 
Atchafalaya  and  the  checking  of  the  enlargement  of  its  bed. 

It  is  not  the  opinion  of  the  Commission  that  the  diversion  of  the 
Red  lUver  into  the  Mississippi  is  of  the  importance  to  the  maintenance 
and  improvement  of  the  main  stream  that  would  render  expedient  the 
expenditure  and  ri«k  that  would  be  incurred  by  the  magnitude  of  the 
project  and  the  precautionary  work  necessary  on  the  lower  levees. 
Any  reasons  in  favor  of  this  plan  are  valid  only  in  connection  with  the 
navigation  of  the  tributary. 

To  some  extent  the  repair  of  existing  levees  along  the  Tensas  front, 
now  in  progress,  will  tend  to  reduce  the  strain  upon  the  Atchafalaya, 
but  to  provide  absolutely  against  any  injury  from  the  augmentation  of 
floods  in  the  main  river  below,  some  increase  in  the  height  of  the  levees 
below  Red  River  will  be  necessary  in  this  or  any  of  the  pn  jects  here- 
inbefore discussed. 

The  plan  is  as  follows: 

A  series  of  brush-dams  should  be  placed  in  the  Atchafalaya,  with  the 
upper  one  below  the  Bayou  des  Glaizes,  and  the  others  at  intervals  not 
exceeding  one-quarter  of  a  mile.  These  dams  should  be  built  up  to 
just  below  low  water.  It  is  the  intention  that  these  dams  sha  1  permit 
the  passage  down  the  Atchafalaya  of  a  volume  equal  to  the  flood  <Us- 
charge  of  Red  River,  and  in  construction  their  height  and  the  witlth 
between  spurs  can  be  so  adjusted  as  to  accomplish  this  result.  It  is 
also  entirely  practicable  that  these  dams  should  be  so  located  and  con 
structed  as  to  form  part  of  a  high-water  dam,  should  the  building  of 
such  be  specially  directed  by  Congress. 

They  should  be  constructed  with  a  sill  not  less  than  300  feet  wide,  np 
and  down  stream,  and  extending  transversely  up  to  the  high- water 
banks.  Above  low  water  they  should  be  heavil^^  riprapped.  The  dam 
should  be  built  upon  this  sill  with  concentric  and  diminishing  cribs  con- 
structed as  those  now  being  used  in  New  Orhans  Harbor.  While  the 
ends  of  these  cribs  would  reach  about  to  low  water,  their  concentric  ik)- 
sition  would  leave  a  depression  not  less  than  5  feet  deep  over  the  middle 
of  the  crest  toaflord  at  all  stages  a(;cess  to  the  navigation  of  the  Atch- 
afalaya. 

The  design  for  the  dams  as  described  has  been  used  for  purposes  of 
estimate.    If  constructed,  the  details  may  be  materially  modified. 
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From  the  levees  on  either  side  of  the  Atchafahiya,  ami  opposite  the 
ends  of  the  dams,  earthen  spurs  should  be  built  out  as  far  as  possible. 
These  spurs,  and  any  surfaces  of  adjacent  levees  or  banks,  where 
necessary,  should  be  substantially  ripra4^ped.  These  spurs  and  the 
levees  with  which  they  connect,  extendin<>:  up  the  left  bank  of  the  Atch- 
afalaya  to  Old  River  and  thence  to  the  Mississippi,  and  also  along  the 
soath  side  of  the  Bayou  des  Glaizes,  should  be  raised  above  any  over- 
flow. 

Estimates  for  this  project  are  submitted. 

Six  dams,  with  riprap  and  spurn,  at  $160,000  each $960,000 

Raisin};;  adjacent  levees 250, 000 

To  make  secure  present  levees  below  Red  River,  asHunied  as  in  previous 

cases  at  2  feet  mean  raise 2, 872, 500 

To  provide  for  the  increased  discharge  below  Red  River,  consequent  upon 
the  execution  of  this  plan,  would  require  an  additional  raising  of  grade, 
which,  assumed  as  in  the  two  preceding  cases,  at  1  foot  increase  of  mean 
height,  would  cost 1,927,500 

Total 6,010,000 

Within  a  few  weeks  past  the  Commission  made  a  careful  personal  in- 
spection of  the  Atchafalaya  River  throu«:hout  its  entire  length.  The 
water  was  at  a  low  stage,  and  the  opportunities  for  an  examination  of  the 
stream  and  its  banks  were  good.  For  a  short  distance  from  its  head  it 
has  high  banks  and  a  deep  capacious  channel,  which  is  gradually,  but 
not  rapidly,  increasing  in  size.  As  it  descends,  the  channel  grows  nar- 
rower and  shallower,  and  the  banks  lower,  and  the  evidences  of  recent 
enlargement  gradually  disappear.  It  is  obvious  that  a  large  part  of  the 
water  which  enters  between  the  high  banks  at  the  head  is  <lissipated 
over  the  low  banks  below  and  finds  its  way  to  the  Gulf  in  the  form  of 
general  overflow.  This  overflow  is  so  impeded  in  its  progress  by  the 
dense  forests  of  the  swamps  that  it  moves  but  slowly,  and  soon  piles  up 
to  an  elevation  which  limits  the  discharge  from  above. 

JJearly,  if  not  quite,  all  the  water  which  flows  down  the  Atchafalaya 
at  the  present  time  during  flood  stages  comes  from  the  lied  and  Black 
rivers  and  the  Mississippi  overflow  into  the  Tensas  Basin.  There  is  now 
no  tendency  in  lower  Old  River  to  enlarge;  on  the  contrary,  it  appears 
to  be  closing.  While  present  conditions  continue  there  is  not,  in  the 
opinion  of  the  Commission,,  any  immediate  danger  that  a  deep-water 
connection  will  be  formed  between  the  Mississippi  and  the  Atchafalaya. 
On  the  contrary,  there  seems  to  be  more  danger  that  the  bed  of  Old 
River  will  close  and  so  sever  the  low  water  of  the  Red  and  the  Missis- 
sippi rivers  by  a  natural  process,  though  of  the  futures  course  of  these 
changes  it  is  impossible  to  affirm  anything  certainly.  But  the  complete 
closure  of  the  levees  on  the  Tensas  Front,  an  event  likely  to  occur  at  an 
early  date,  will  change  very  materially  these  conditions  ;  and  at  flood 
stages  of  the  Mississippi  coincident  with  relatively  lower  stages  in  the 
Red  there  would  be  likely  to  be  a  large  outflow  through  Old  River.  If 
this  were  left  entirely  unrestricted  there  would  be  danger  of  changes  in 
the  channels  of  Old  River  and  the  Atchafalaya,  which  might  occur  with 
suddenness  and  make  their  subsequent  correction  very  difficult.  The 
possible  consequences  of  such  changes  would  be  so  grave  that  no  reason- 
able precautions  against  their  occurrence  ought  to  be  omitted. 

The  submerged  dams  proposed  in  the  last  mentioned  plan  will  con- 
tract the  present  discharge  capacity  of  the  Atchafalaya  only  slightly, 
so  that  unless  they  shall  be  supplemented  by  levees  to  prevent  the  en- 
trance of  overflow  water  into  the  Atchatalaya  Basin,  the  quantity  of 
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Mississippi  water  escaping  into  that  Basin  ^11  continue  substantially 
unchanged. 

This  leads  to  the  consideration  of  the  Atchafalaya  as  an  outlet^  and 
to  the  question  of  its  closure  or  restriction  as  such.  The  Commission 
entertains  no  doubt  of  the  truth  of  the  general  proposition  frequently 
heretofore  stated,  that  the  tendency  of  an  outlet  of  substantial  dis- 
charge is  to  impair  the  eflSciency  of  the  main  channel  below  it.  The 
complete  closure  of  the  Tensas  Front  will  transfer  the  discharge  of  the 
present  outlets  along  that  front  to  the  month  of  Old  River  and  the 
space  between  that  point  and  the  foot  of  the  Tensas  levees.  That  the 
tendency  of  a  permanent  outlet  so  large  and  so  sharply  localized  will  be 
to  impair  the  main  channel  below  seems  certain.  The  extent  andrapidity 
of  such  imi)airment  it  is  impossible  to  predict.  But  that  it  may  result 
in  the  formation  of  a  bar  or  series  of  bars  great  enough  to  obstruct 
navigation  and  in  the  abnormal  widening  of  the  channel,  which  is  the 
usual  concomitant  of  such  bars,  is  possible. 

The  prevention  of  this  escape  can  be  accomplished  only  by  cutting 
off  the  overflow  into  the  Atchafalaya  Basin  by  levees  across  its  head. 
These,  by  preventing  high  water  outflow  through  Old  River,  would  also 
add  to  the  security  of  that  channel  against  dangerous  enlargement,  and 
so  constitute  a  logical  part  of  the  plan  proposed,  whether  that  be  con- 
sidered as  a  means  for  the  closure  of  an  outlet  merely,  or  as  a  precau- 
tion against  the  divergence  of  the  Mississippi  into  the  Atchafalaya 
Basin. 

But,  for  the  reasons  already  stated,  the  levees  across  the  head  of  the 
Atchafalaya  Basin  cannot  be  constructed  without  exposing  the  country 
on  the  main  river  below  to  disastrous  overflow,  until  the  levees  below 
Red  River  shall  have  been  raised,  and  until  that  time  the  execution  of 
that  part  of  the  plan  must  necessarily  be  deferred.  The  extent  of  such 
necessary  additional  levee  height  below  Red  River,  and  the  probable 
cost  of  it,  are  given  in  connection  with  the  statement  of  the  first  plan 
hereinbefore  described. 

The  present  recommendation  of  the  Commission  is  confined,  therefore, 
to  the  construction  of  the  submerged  dams  described,  designed  to  pre- 
vent further  enlargement  of  the  Atchafalaya. 

The  keeping  open  a  navigable  channel  from  the  Red  into  the  Missis- 
sippi River  Is  not  necessarily  connected  with  any  of  the  projects  herein- 
before described,  but  in  connection  with  the  last  plan  described  could, 
it  is  believed,  be  promoted  by  the  following  work.  The  limit  to  this  im- 
provement is  the  bar  which  invariably  forms  in  the  mouth  of  a  tributary 
under  the  influence  of  back  water  from  the  Mississippi,  and  which  the 
discharge  of  the  tributary  is  unable  to  remove.  Thus,  the  mouth  of  the 
Missouri  goes  down  to  3^  feet,  and  of  the  White  and  Yazoo  to  about  3 
feet. 

It  has  been  proposed  to  effect  this  by  placing  a  low- water  dam  across 
Old  River,  between  the  Red  and  Atchafalaya,  whose  crest  shall  have 
an  elevation  of  about  10  feet  above  the  obstructions  in  Upper  Old  Riv^r, 
and  thus  deflect  the  Red  River,  when  below  this  stage,  down  Upper  Ola 
River,  which,  before  the  present  conditions,  induced  by  the  enlarge- 
ment of  the  Atchafalaya,  was  the  natural  and  better  channel.  The  re- 
development of  this  channel  would  probably  require  the  assistance  of 
dredging  and  spur-jetties,  for  which  no  reliable  estimate  can  be  made. 
It  is  probable  that  work  of  this  description  would  still  be  required  if 
the  entire  flood  discharge  of  the  Ued  River  were  deflected  in  this  direc- 
tion. The  cost  of  dam  would  be  $125,000;  probable  cost  of  dredge  and 
jetties,  $275,000;  total,  $400,000. 
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While  it  is  believed  that  the  effect  of  tliis  plan  will  be  to  deepeu  the 
access  to  Eed  Eiver  aud  contiiie  the  diiBculty  of  navigation,  which  now 
extends  over  6  miles,  to  its  immediate  mouth  at  the  Mississippi,  it  is 
donbtfol  if  the  condition  there  admits  of  a  depth  of  navigation  greater 
than  is  now  found  at  the  mouths  of  other  tributaries,  or  at  the  mouth 
of  Eed  River  itself  before  Shreve's  Cut-off,  The  plan  is  therefore  sub- 
mitted as  presenting  this  limited  advantage,  with  an  estimate,  to  en- 
able Congress  to  judge  of  the  advisability  of  its  execution. 

LEGISLATION. 

The  Commission  renew  the  recommendation  heretofore  made  that 
provision  be  made  by  law  for  the  ai>piopriation  by  the  United  States, 
through  proceedihgs  in  the  Federal  court,  of  land  and  material  needed 
in  the  work. 

On  this  point  reference  is  m^de  to  the  suggestions  of  the  last  report, 
without  repeating  them  here. 

FINANCIAL  STATEMENT. 

Appropriaiion  for  salaries  and  expenses  of  the  Mississippi  River  Commissiony  act  of  July  7, 

1884. 

Balance  on  hand  December  1,  1883 $67, 080  88 

Appropriated  by  act  approved  July  7,  1^4 75,000  00 

142, 080  88 

Expended  from  December  1,  1883,  to  November  30,  1884,  including  esti- 
mated liabilities 87,961  73 

Balance  which  it  is  estimated  will  be  required  during  the  remainder  of  the 
fiscal  year  ending  June  30, 1885 : 54, 119  15 

142,080  88 
Appropriation  for  surveys  of  Mississippi  River  j  <ict  of  July  5,  1884. 

Amonnt  appropriated $75, 000  00 

Expended  to  December  1,  18^ 40,247  52 

Balance  which  it  is  estimated  will  be  required  during  the  remainder  of  the 
fiscal  year  ending  June  30, 1885 34, 752  48 

75,000  00 

The  estimates  ef  funds  for  fiscal  year  1886,  which  were  transmitted 
to  the  honorable  the  Secretary  of  War  on  July  25,  1884,  are  here  re- 
peated. 

BfHmate  of  fund»  for  the  Mississippi  River  Commission  for  the  fiscal  year  ending  June  30, 

1886. 

RIVER  AND  HARBOR  BILL. 

For  continnation  of  surveysof  the  Mississippi  River  between  the  Head  of  the 
Paasee,  near  its  mouth,  and  its  beadwatirs,  now  in  progress  :  tc»  make  ad- 
ditional surveys  and  examinations  of  said  river  and  its  tributaries;  to 
make  snch  additional  examinations  and  investigations,  topograpliicat,  by- 
drographical,  hydrometrical,  as  are  necessary  for  maturing  a  plan  for  the 
permanent  improvement  of  the  entire  river $100, 000 

SUNDRY  CIVIL  BILL, 

For  salaries  and  traveling  expenses  of  the  Mississippi  River  Commission, 
and  for  salaries  and  traveling  expenses  of  assistant  engineers  under  them, 
and  for  oflBce  expenses  and  contingencies $100, 000 
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The  estimates  of  funds  for  works  of  improvement  for  the  fiscal  year 
1886,  which  were  transmitted  to  the  honorable  the  Secretary  of  War 
July  25,  1884,  are  here  repeated. 

EBtimates  of  funds  for  the  improvement  of  the  Miasiseippi  River  for  the  fiscal  year  ending 

June  30,  18b6. 

For  continniDg  the  improvement  of  the  Mississippi  River  from  Des  Moines 
Rapids  to  the  month  of  the  Illinois  River $500,000 

For  continning  the  improvement  of  the  Mississippi  River  from  the  mouth 
of  the  Illinois  River  to  Cairo,  lU 1,000,000 

For  continuing  the  improvement  of  the  Mississippi  River  from  Cairo,  111., 
to  the  Head  of  the  Passes,  includiug  the  improvement  of  the  Red  River  itt 
and  below  the  head  of  the  Atchafalaja 7,000,000 

In  addition  to  the  foregoing,  the  following  special  estimates  for  im- 
proving the  harbors  named  in  the  last  river  and  harbor  bill,  as  set  forth 
in  the  body  of  this  report,  are  recapitulated. 

For  improvement  of  the  following  harbors : 

Columbus,  Ky $80,000 

Hickman,  Ky 270,000 

Memphis,  Tenn 75,000 

Greenville,  Miss 186,000 

Vicksburg,  Miss 20,000 

Natchez,  Miss 700, 0(K) 

New  OrlePJis,  La 683,600 

Total...: 2,014,600 

FINANCIAL  STATEMENTS,  NOVEMBER  1,   1883,   TO  SEPTEBiBER  30,  1884. 

(Appropriations  for  improving  Mississippi  River,  acts  March  3,  1881,  August  2,  1882, 

and  January  19  and  July  5,  1864.) 

Balance  available  November  1, 1P83 $1,023,913  33 

Allotments  since  November  1, 1H83 3,057,290  00 

Uuallotted,  in  Treasury , 12,710  00 

Deposi  ted  for  loss  of  property  and  sale  of  fuel 60  50 

Balance  from  i)reviou8  appropriations  for  river  above  Cairo 22, 632  53 

Total 4,116,606  36 

Expeudc<l  November  1, 1883,  to  September  30,  1884 2, 084, 852  45 

Balance  available  September  30, 1884 2,031,753  91 

Estimated  expeuses  to  December  31,1884 1,1^,185  95 

Estimated  balance  for  carrying  on  work  and  care  of  property  to  Jan- 
uary 1,  1885 649,567  96 

Q.  A.  GiLLMORE, 

Colonel  of  Engineers y  Brevet  Major- Oeneralj  U.  8.  A.j 

Presidmt  of  Commission. 
Chas.  R.  Suter, 

Major  of  EiigineerSj  U.  8.  A. 
B.  M.  Harrod, 
E.  S.  Taylor, 
S.  W.  Ferguson, 
Henry  Mitchell, 

Coast  and  Oeodetic  8urvey. 
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I  have  signed  the  above  report  with  some  misgivings  as  to  the  pur- 
port of  the  two  articles  entitled,  respectively,  "Levees  and  Outlets"  and 
"Eectification  of  the  Ked  and  Atchafalaya  Eivers,"  and  1  feel  con- 
strained to  make  my  own  conclusions  a  little  more  apparent. 

The  first  article  is  valuable  as  furnishing  all  the  information  in  the 
possession  of  the  Commission  concerning  the  effect  of  levees  as  means 
of  improving  navigation ;  but  it  seems  to  be  implied  that  this  informa- 
tion is  now  adequate  to  warrant  a  complete  system,  in  which  I  do  not 
concur. 

The  Commission  has  undertaken  the  reconstruction  of  levees  along 
the  fronts  of  the  Yazoo  an<l  Tensas  basins,  with  the  expectation  that 
these  would  improve  navigation  and  determine  the  vahie  of  this  means 
of  improvement  as  compaied  with  other  means  under  trial.  The  results 
of  these  costly  experiments  have  not  yet  been  ascertained,  and  until 
benefits  have  been  discovered  from  repeated  surveys  at  low  water  there 
would  seem  to  be  no  ground  for  recommending  a  complete  application 
of  the  levee  system. 

This  "  comj)lete  application"  would,  it  appears,  necessitate  the  raising 
of  all  the  levees  now  existing  between  Red  Hiver  and  the  Gulf  of  Mex- 
ico, because  it  would  precipitate  into  this — the  most  valuable  part  of  the 
river — a  greatly'  increased  flood. 

Before  recommending  or  in  any  degree  favoring  such  "com])lete  ap- 
plication "  of  the  levee  system,  I  i)reter  to  await  the  results  of  our  own 
experiments,  and  1  will  add  that  these  results  will  much  exceed  my  ex- 
I)ectation  if  they  justify  the  extension  of  levee  work  27p  miles  beyond 
the  obstructed  portion  of  the  river,  and  the  introduction  of  a  change  of 
regimen  where  no  change  can  be  for  the  better. 

Relative  to  the  secon<l  article,  entitled  *' Rectification  of  the  Red  and 
Atchafalaya  Rivers,"  I  have  felt  that  the  Commission  was  not  justified 
in  assuming  that  the  order  ot  Congress  to  deflect  the  waters  of  the  Red 
River  from  the  Atchafalaya  contemplated  the  augmentation  of  the  flood 
heights  and  flood  velocities  below  Red  River,  where  no  improvement  to 
navigation  demands  it.  I  therefore  regard  the  discussion  of  plans  in- 
volving great  systems  of  levees  as  irrelevant  and  unfortunate  where  not 
accompanied  by  explicit  condemnation.  To  my  mind  the  order  of  Con- 
gress finds  its  proper  response  in  the  plan  recommended  by  the  Commis- 
sion for  obstructions  in  the  Atchafalaya  and  the  suggested  dam  at  the 
head  of  Turnbull's  Island  for  deflecting  the  Red  River. 

Henry  Mitchell, 

Const  and  Geodetic  Survey. 

Hon.  Robert  T.  Lincoln, 

Secretary  of  War. 
(Through  the  Chi^f  of  Engineers.) 

New  York,  December  23, 1884. 

1.  In  the  preceding  report  the  Mississippi  River  Commission  has  rec- 
ommended the  extension  of  the  work  below  Cairo,  to  include  the  New 
Madrid  Reach,  and  the  commenc*^ment  of  a  systematic  revetment  in 
seriously  caving  banks  from  Cairo  down.  It  has  submitted  an  estimate 
of  $7,000,000  for  work  below  Cairo,  for  the  coming  fiscal  year,  exclusive 
of  harbor  works. 

Not  concurring  in  either  the  recommendation  or  the  estimate,  it  is 
proper  to  give  my  reasons  for  dissent. 

2.  The  original  estimate  of  the  Commission  for  38  miles  of  the  Plum 
Point  Reach  was  $1,432,000 ;  and  for  25  miles  of  the  Lake  Providence 
Reach,  $1,238,000. 
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It  is  DOW  certain  that  the  cost  of  these  works  will  be  not  less  than 
three  times  the  original  estimate,  and  even  yet  it  is  not  practicable  to 
state  with  defiuiteness  what  the  ultimate  cost  will  be. 

So  far  as  the  actual  experience  of  the  Commission  goes,  the  loss  of 
work  has  been  large,  but  that  experience  is  not  yet  extensive  enough 
to  show  how  much  these  lovsses  can  be  reduced  in  future,  nor,  after  works 
are  completed,  how  much  the  annual  cost  of  their  maintenance  will  ex- 
ceed or  fall  short  of  5  per  cent,  per  annum.  As  the  advisability  of  the 
extension  of  the  systrm  of  works  over  the  whole  river  depends  on  the 
relation  of  the  final  .cost  of  the  system,  and  of  its  annual  maintenance,  to 
the  value  of  the  resulting  benefits,  I  am  not  prepared  to  recommend  any 
large  extension  of  the  approi)riation's  or  of  the  works  till  those  costs 
are  approximately  known. 

3.  A  majority  of  the  Commission  state,  ''  We  therefore  conclude  that 
levees,  such  as  have  been  herein  described,  are,  in  connection  with  an 
equalization  of  width  and  the  i)revenlion  of  caving,  an  important  part 
of  any  general  and  systematic  plan  for  the  improvement  of  the  naviga- 
tion and  the  prevention  of  destructive  floods." 

I  am  unable  to  learn  from  the  report,  exactly  or  approximately,  what 
heights  the  levees '' such  as  have  been  herein  described'' are  to  have, 
but  as  '*•  preparations  must  also  be  made  in  the  grade  for  such  increase 
of  flood  elevation  as  will  at  first  ♦  •  ♦  result  *  *  ♦,"  I  infer  that 
the  levees  **  herein  described  "  are  to  retain  such  large  floods  as  occur 
every  few  years.  I  fully  concur  witli  the  majority  as  to  the  necessity  of 
such  levees,  ta  restrain  destructive  floods,  and  believe  it  to  be  the  only 
method  by  which  the  great  value  of  the  bottom  lands  of  the  Mississippi 
can  be  fully  developeil. 

I  do  not  concur  in  the  opinion  that  such  levees  will  have  any  consid- 
erable value  in  improving  low-water  navij»ation.  As  1  have  stated  in 
previous  reports,  the  cause  of  bad  low  water  navigation  is  excessive  low- 
water  width.  It  is  only  where  such  excessive  widths  occur  that  navi- 
gation is  bad,  and  if  by  means  of  levees  some  hundreds  of  thousands  of 
cubic  feet  per  second  of  discharge  at  the  top  of  the  flood  were  added 
to  a  discharge  whi(;h  now  is  1,2(^0,000  or  1,400,000  cubic  feet,  while  it 
might  in  some  degree  lower  the  bed  of  the  river,  unless  it  also  narrowed 
the  low-water  river,  it  would  give  no  sensible  increase  of  low-water 
depth  on  the  bars  at  these  wide  places.  Where  the  river  is  now  shoal 
and  a  mile  or  a  mile  and  a  half  wide,  it  is  difficult  to  see  how  levees  on 
the  bank  of  the  river  will  produce  any  sensible  contraction  of  width  or 
sensible  increase  of  depth,  and  it  is  onlj^  at  wide  places  that  increase  of 
low-water  depth  is  needed. 

The  river  itself  does  not  appear  to  support  the  theory  that  bad  navi- 
gation is  due  to  escape  of  flood  water  over  the  banks.  The  flood  dis- 
cijargeof  the  river,  as  it  now  is,  varies  at  different  places  between  aboat 
1,000,000  cubic  feet  per  second  at  Carrollton  and  1,800,000  or  2,000,000 
cubic  feet  at  the  Ohio  or  at  New  Madrid.  At  New  Madrid  natore  has 
supplied  levees  which  i)ractically  confine  theflood  waters  up  to  the  high- 
est stage.  Here  she  has  tried  the  experiment  which  the  Commission 
are  also  trying,  and  the  result  is  that  immediately  below  New  Madrid 
one  of  the  worst,  if  not  the  worst,  pieces  of  low- water  navigation  now  on 
the  river  exists. 

Again,  if  lack  of  flood-water  which  escai)es  into  the  river  bottoms 
were  the  main  or  an  important  cause  of  bad  low-water  navigation,  sinoe 
below  New  Madrid  the  flood  discharge  <1( creases  gradually  to  just  above 
the  mouth  of  the  Saint  Francis,  where  it  does  not  much  exceed  1,000,000 
cubic  feety  it  would  seem  that  on  all  the  straight  portions  of  the  river 
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here  the  navigation  should  be  bad.  The  fact  is  that  interspersed  be- 
tween the  bad  reaches  are  others  having  no  greater  flood  discharge 
than  those  above  them,  and  yet  where  the  navigation  is  good.  If  bad 
navigation  arose  from  decreased  flood  discharge^  there  should  be  a 
marked  deterioration  in  passing  from  New  Madrid  with  1,800,000  dis- 
charge, to  just  above  the  Saint  Francis  with  1,000,000  flood  discharge. 
It  does  not  occur. 

It  may  be  asked,  What  causes  the  excessive  low- water  widths  which 
give  bad  navigation  f  If  the  comparisons  of  the  old  with  recent  sur- 
veys showing  changes  in  the  river,  given  in  the  plates  of  the  Missis- 
sippi River  Commission  Eeport  for  1883,  beexamined,it  will  be  seen  that 
at  the  same  place,  in  widely  dift'erent  years,  the  river  may  now  be  wide  and 
now  narrow,  and  that  there  is  in  general  a  traveling  of  bends  and  pecul- 
iar forms  down  the  river.  This  suggests  that  the  special  width  or  nar- 
rowness, and  hence  the  good  or  bad  low- water  navigation  at  a  given 
place,  does  not  depend  exclusively,  nor  even  mainly,  on  the  forces  acting 
to-day,  but  rather  that  the  actual  form  of  the  river  at  a  given  place  is 
merely  the  recorded  history  of  what  has  occurred  there  during  many 
years  past,  and  that  where  to-day  the  low-water  navigation  is  good  or 
bad,  fifty  years  from  now  the  state  may  be  reversed,  and  that  without 
any  change  in  flood  discharge. 

if,  in  a  straight  reach,  where  navigation  is  now  good,  the  river,  chang- 
ing the  thread  of  its  current  from  some  slight  cause,  were  to  attack  alter- 
nately one  bank  and  the  other — ^if  this  continued  the  result  would  finally 
be  a  wide  river  and  bad  navigation.  The  reverse  process  would  turn 
a  bad  part  of  the  river  into  a  good  one.  These  changes  might  occur 
just  as  well  with  a  flood  discharge  of  1,800,000  as  with  one  of  1,000,000 
cubic  feet;  in  other  words,  it  might  happen  just  as  well  with  as  without 
levees. 

Kot  holding  the  opinion  that  bad  low<  water  navigation  is  caused  in 
any  considerable  degree  by  escape  of  flood  water  over  the  banks,  I 
cannot  attribute  any  Talue  to  levees  as  aids  to  low- water  navigation 
commensurate  with  their  cost. 

Below  Red  River,  levees  for  the  improvement  of  navigation  are  not 
needed,  as  the  navigation  there  is  good,  and  any  reactionary  influence 
to  improve  the  low-water  navigation  above  would  be  very  small. 

4.  For  the  Red  and  Atchafalaya  rivers  the  Commission  approves  a 
plan  which  proposes  to  put  a  submerged  dam  across  the  Atchafalaya — 
ultimately  to  stop  by  levees  all  escape  into  the  head  of  the  Atchafalaya 
Basin  except  281,000  cubic  feet  per  second  through  the  dam;  and  to 
build  a  low-water  dam  across  lower  Old  River,  between  the  Atchafalaya 
and  the  head  of  TurnbuU's  Island. 

I  concur  in  the  propriety  of  checking  the  enlargement  of  the  Atcha- 
felaya  by  a  submerged  dam,  as,  if  its  enlargement  went  on  indefinitely, 
the  main  Mississippi  might  go  that  way. 

The  eftect  of  the  levees  would  be  to  increase  the  flood  discharge  at 
New  Orleans  from  about  1,100,000  cubic  feet  to  about  1,900,000,  and  to 
require  the  levees  to  be  raised  there  about  6  feet. 

(In  making  this  estimate  the  method  used  by  me  in  the  Annual  Report 
of  the  Mississippi  River  Commission  for  1883  has  been  followed.  In  ref- 
erence to  that  method  a  majority  of  the  Commission  say:  "Numerous 
&cts indicate  that  gauge-heights  for  great  discharges  cannot  be  predicted 
by  extending  the  curves  constructed  at  low  and  medium  stages  with 
these  elements  as  co-ordinates.''  I  know  of  no  one  who  proposes  to  use 
low  stages  for  this  purpose,  and  when,  instead  of  "low  and  medium 
BtageSy^  medium  and  high  stages  are  used,  the  method  is  in  my  judg- 
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ment  the  best  at  present  available,  and  must  be  followed  till  the  Com- 
mission present  a  better  one  to  replace  it.) 

The  i)lan,  then,  of  stopi)ing  a  large  part  of  the  escape  into  the  Atcha- 
falaya  Basin  proposes  to  require  a  large  raising  of  the  levees  from  Red 
Eiver  down  at  a  great  expense,  and  a  permanent  increase  of  danger  to 
all  the  ])eople  living  behind  these  levees  from  the  greater  overflow  it' 
thewse  higher  levees  should  be  broken. 

The  advantages  which  may  be  supposed  to  follow  from  these  levees 
are  a  theoretical  improvement  of  navigation  below  Red  River  where  it 
is  now  good,  or  a  prevention  of  its  deterioration,  and  a  protection  from 
overflow  of  an  area  of  thinly-settled  land  in  the  vicinity  of  the  Atcha- 
falaya,  small  in  comparison  with  that  on  the  Mississippi  below  Red 
River.    The  disadvantages  appear  to  far  outweigh  the  advantages. 

The  Commission  recommends  the  construction  of  a  low-water  dam 
across  lower  Old  River  above  the  Atchafalaya,  and  the  formation  of  a 
channel  on  the  north  side  of  TumbulPs  Island.  The  estimated  cost  is 
$400,000. 

1  fear  that  the  opening  of  the  channel  would  cost  twice  or  three  times 
the  estimate,  and  that  after  the  completion  of  the  works  the  mouth  of 
Red  River  would  sometimes  close  unless  dredging  were  used. 

So  long  as  the  relative  oscillations  of  the  Mississippi  and  the  Red  may 
give  nearly  still  water,  loaded  with  sediment,  in  both  lower  and  upper 
Old  River,  for  many  weeks  at  a  time,  it  is  very  doubtful  if  in  such  cases 
the  low-water  flow  of  the  Red  River  can  keep,  in  dry  seasons,  a  low- 
water  channel  open. 

I  should  prefer  to  continue  annual  dredging  rather  than  to  execute  a 
costly  work  whose  results  are  so  uncertain. 

C.  B.  COMSTOOE, 

Lieutenant- Colonel  of  Engineers  and  Brevet  Brigadier-Oeneral. 

Hon.  Robert  T.  Lincoln, 

Secretary  of  War. 
Through  the  Chief  of  Engineers.) 
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Statement  of  appropriations  allotted  and  expended  under  the  Mimuippi  River  CammiMioii. 

Act  of  March  3, 1881 11,000,000  00 

Act  of  August  2, 1882 , 4,123,000  00 

Act  of  January  19. 1884 1,000,000  00 

Act  of  July  5, 1884 2.070,000  00 

Total 8,193,000  00 

Balances  from  formor  appropriations  for  works  below  Cairo,  July  1, 1882.  272, 628  38 

Balances  from  former  appropriations  for  workR  above  Cairo,  July  l,lfc84.  22,632  53 

For  sale  of  fuel  and  loss  of  property 60  50 

Total 8,488.321  41 

Expended  to  Sepiemher  30, 1884. 

Des  Moines  Rapids  to  Illinois  River 30,914  73 

Illinois  River  to  Ohio  River 65,450  66 

Protection  of  easteilv  bank  of  Misjiissippi  River  neajr  Cairo 5,408  91 

New  Madrid  Reach. T 210,358  91 

Plum  Point  Reach 2,030,896  80 

Memphis  Reach 390,992  05 

Memphis  Harbor ; 70,788  13 

Lake  Providence  Rench 1,908,074  87 

Vicksbnrg  Harbor,  dredging 61,812  12 

Vicksburg  Harbor,  Delta  Point 96,535  90 

Survey  of  Helena  Reach 8,000  00 

Survey  of  Saint  Francis  Front,  lirst  district 4,873  11 

Survey  of  Saint  Fran<is  Front,  second  district 4,000  00 

Survey  of  IJnIeveed  Fronts,  third  district 999  49 

Survey  of  irnleveed  Fronts,  fourth  district .  902  12 

Survey  of  Cubitt'sGap 137  14 

Survey  of  Choctaw  Bend 2,679  86 

Observations  at  Carrolltou 3,000  00 

Closing  Bonnet  Carrd  Crevasse 15, 000  00 

LEVEES. 

Second  district, 

Yazoo  Front 80,950  00 

Long  Lake 15  55 

Third  district. 

Yazoo  Front 343,455  75 

Tensas  Front 361,653  53 

Fourth  district. 

Atchafalaya  Front 126,908  40 

Tensas  Front I ...  444,186  63 

Mouth  of  Red  River 80,602  98 

Natchez  and  Vidalia  harbors 5,579  12 

New  Orleans  Harbor 102,390  74 

m 

Total 6.456,567  50 

Balance  September 30, 1884 8,031.753  91 

Estimated  balances  January  1,1885 649,567  96 

Respectfully  submitted. 

J.   H.  WiLLARD, 

Captain  of  Engineert^ 
Secretary  Committee  on  Conetructiony  Miesieeippi  Miver  Cammiiekm, 
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Appendix  A. 

annual  bspost  of  the  secretary  of  the  commission  upon  the  field  work 

op  surveys  and  examinations. 

Office  Mississippi  River  Commission, 
2828  Washington  Avenue^  Saint  LouiSy  Mo.,  October  20,  1884. 

General:  I  have  tbe  honor  to  submit  the  following  report  of  the  work  of  surveys 
and  exaniiDations  during  the  fiscal  year  ending  June  30,  1884. 

The  survey  boats  and  launches  with  their  mess  and  field  outfits  have  been  kept  in 
working  order  by  the  necessary  current  repairs.  This  remark  applies  to  the  iustru- 
ments  as  well.  No  additions  to  either  class  of  property  have  been  made  during  the 
year  except  a  stem-wheel  steamer  described  below.  No-  changes  have  been  made  in 
the  organization  or  methods  pertaining  to  the  classes  of  work  previously  executed. 

Gauge  inspection, — This  work  has  been  given  grei^ter  prominence  during  the  year 
than  it  has  nad  heretofore.  A  discussion  of  the  hydrographs  as  well  as  the  results  of 
the  few  and  irregular  inspection  previously  made,  had  some  time  since  developed  the 
fact  that  the  gauge  records  were  far  from  reliable.  The  lack  of  correct  river  heights 
in  previous  years  has  in  many  cases  substituted  prolonged  discussions  for  what  would 
otherwise  have  been  ascertained  facts,  and  has  in  so  far  operated  agaiust  the  speedy 
elaboration  of  a  definite  plan  of  improvement.  The  principal  source  of  error  was 
fonnd  in  the  destruction  of  the  gauges  either  by  drift  or  ice,  by  the  landing  of  boats, 
or  by  the  scour  or  caving  of  banks. 

At  such  times  the  keeper  was  obliged  to  use  a  temporary  stick  and  by  adding  orsub- 
tractisg  the  daily  change,  keep  as  well  as  he  could  a  record  of  the  stage  of  water,  a 
process  admirably  suited  to  the  introduction  of  large  errors  especially  of  the  cumu- 
lative kind.  To  insure  correct  records  the  first  step  was  to  keep  the  gauges  in  posi- 
tion. To  do  this  required  that  a  party  should  visit  each  stati<m  frequently,  carrying 
with  it  all  necessary  appliances  for  replacing  and  repairing  gauges  and  bulletins. 

Various  plans  which  suggested  themselves  were  tried  without  success,  and  a  solution 
was  finally  found  in  the  purchase  and  equipment  of  a  small  stern-wheel  boat  on  which 
an  inspector  is  constantly  passing  up  and  down  the  river  inspecting  the  gauges,  and 
by  the  assistance  of  the  crew  of  the  boat  making  all  the  necessary  repairs.  The  party 
baa  also  been  able  at  a  very  slight  cost  to  do  a  great  deal  of  work  formerly  done  by 
parties  especially  organized  at  considerable  expense.  She  has  also  saved  a  consider- 
able expenditure  formerly'necessary  for  transportation  of  supplies  to  field  parties,  and 
for  towing  their  boats  from  point  to  point.  The  boat  is  named  tbe  Patrol;  is  110  feet 
loDg  by  23  feet  beam ;  has  engines  12  inches  in  diameter,  5  feet  stroke,  and  costs  with 
a  single  crew  about  $1,200  per  month. 

She  left  Pittsburgh,  where  she  was  built,  in  the  latter  part  of  July,  1883.  She  com- 
pleted her  furnishing  and  equipment  at  Saint  Louis,  and  left  for  her  first  inspection 
trip  early  in  August. 

Her  work  for  the  eleven  months  ending  June  30,  1884,  is  as  follows : 

Number  of  miles  run 13  158 

Nam ber  of  piece  miles  towing l 3,412 

Number  of  ton  miles  of  freighting 20, 000 

Nomber  of  gauge  inspections  made 103 

Average  interval  (in  days)  between  consecutive  inspections  at  any  gauge  .. .  58| 

Special  surveys  were  made  at  Bonnet  Carrd  November  5  to  10,  18<^3 ;  21  cross- sec- 
tions sounded  at  Morganza  November  14  to  23 ;  41  cross  sections  sounded  at  Water- 
proof Cut-off  May  24  to 26;  shore-lines  run,  water-levels  determined,  four  cross-sections 
sounded,  and  discharge  measured  in  cut-off  and  old  river. 

Low- water  slope  was  determined  October  11  to  31,  1883,  from  Saint  Louis  to  New 
Orleans  at  294  points. 

High-water  observations  were  made  February  28  to  March  27  from  Memphis  to  New 
Orleans,  during  which  time  there  were  examined  on  the  Yazoo  Front,  116  crevasses; 
on  the  Tensas  Front,  46  crevasses;  on  the  Atchafalaya  Front,  6  crevasses. 
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The  reRiilts  of  these  and  previous  measureraents  of  the  same  character  appear  as  an 
appendix  to  this  report. 

The  following  high- water  discharges  were  measured  :  Saint  Francis  RlTer,  at  West- 
brook  ;  Yazoo  River,  ahove  Chickasaw  Bayou ;  Bayou  La  Fourohe  and  Mississippi 
River,  at  CarroUton,  Red  River,  and  Hays'  Landings. 
•    Stakes  for  measurement  of  caving  banks  were  set  in  fifty- two  caving  bends. 

Examinations  of  threatened  cut-offs  were  made  at  Caulk's  Point,  Tarpley  Planta- 
tion, and  Georgetown  Bend. 

The  total  cost  of  the  boat  for  eleven  months,  not  including  the  salary  of  the  inspeo- 
tor,  was  $17,089.80.  Of  this,  $4,000  may  fairly  be  assigned  as  the  earnings  of  the 
boat  in  transportation  and  towing.  The  cost  of  high  and  low- water  observations 
have  been  in  previous  years  $5,000.  The  balance,  about  $8,000,  is  the  pro-rata  cost  of 
the  gauge  inspections  and  special  surveys. 

In  the  prosecution  of  the  regular  surveys,  the  only  field  work  done  during  the  year  has 
been  the  continuation  of  topography  and  hydrography  from  Cairo  to  New  Madrid. 
Arom  Caruthcrsville  to  Memphis,  and  from  Commerce  to  Saint  Louis  Landing,  a  total 
distance  of  248  miles. 

The  details  are  as  follows : 


Items. 

First  party.* 

Second  party.t 

Third  party.; 

For  the  three 
parties. 

Nnmber  of  milen  of  river 

92 

227 

64 

291 

$13, 301  86 

144  59 

45  71 

101 

274 

80 

354 

$12,658  97 

124  34 

35  47 

55 

136 

38 

174 

$9,867  44 

170  31 

53  84 

Number  of  sqaare  miles  of  topography 

Number  of  square  miles  of  hydrography. .. 

Total  area  surveved  (square  miles) t . . 

Total  field  cost,  r 

819 

Cost  T>er  mile  of  river 

Cost  per  square  mile  of  survey 

$43  0] 

*Assistaiit  J.  A.  Ockerson.    Kandolph  Point  to  Francis  Chute,  and  Commerce  to  Saint  LoaisLaikding. 
t  Assistant  L.  L.  Wheeler.    Caruthersville  to  Handolph  Point, 
t  Assistant  C.  M.  WinohelL    Cairo  to  New  Madrid. 

The  work  done  in  the  previous  years  was  1,135  square  miles,  at  $57  per  square  mile. 
The  assistant  engineers  have  continued  to  merit  the  favorable  mention  heretofore 
made  of  them.  A  reduction  was  reluctantly  made  near  the  close  of  the  fiscal  year  in 
consequence  of  lack  of  funds.  The  work  of  the  office  having  so  increased  as  to  make 
it  impossible  for  me  to  supervise  it  in  detail,  the  organization  was  recast,  with  three 
divisions,  known  as  the  topographical,  computing,  and  clerical  divisions,  which  were 

S laced  in  charge  of  Assistant  Engineers  J.  A  Ockerson  and  L.  L.  Wheeler  and  Chief 
'lerk  A.  £.  Symmes,  respectively.  These  gentlemen  have  conducted  the  work  of 
their  divisions  to  my  entire  satisfaction,  and  their  efforts  have  been  of  great  assist- 
ance to  me. 

The  process  of  printing  letters  and  figures  on  the  manuscript  maps  mentioned  in 
last  report  has  been  in  constant  use  during  the  year,  and  has  now  established  itself 
as  a  standard  method. 

It  is  therefore  deemed  proper  to  give  in  some  detail  a  description  of  the  appliances 
and  the  method  of  their  use.  This  is  furnished  in  the  following  extract  from  the  re- 
port of  the  chief  of  the  topographical  division: 

"  STAMP  FOR  LETTERS  AND  FIGURES. 

''This  consists  essentially  of  a  piston  carrying  a  type-holder  in  which  words  may 
be  set  up  from  common  type,  and  a  supporting  frame.  The  piston  is  carefully  fitted 
so  as  to  move  smoothly  in  a  plane  at  right  angles  to  the  base  of  the  frame.  A  spiral 
spring  in  the  piston  raises  it  from  the  paper  after  the  impression  has  been  made.  The 
base  of  the  frame  is  made  so  that  the  sides  are  parallel  and  at  right  angles  with  the 
line  of  the  type  when  in  the  holder.  By  means  of  a  ruler  or  X  square  the  letters  may 
be  made  always  vertical  and  the  different  words  in  parallel  lines.  Wonls  in  curved 
lines  may  be  made  by  using  single  letters,  or  by  means  of  an  elastic  frame  in  the  type- 
holder,  which  could  be  curved  by  an  opposing  screw. 

"  Words  can  be  printed  in  any  desired  posit  ion  by  inspection  or  by  pasting  paper 
on  the  bottom  and  cutting  out  the  same  on  a  line  along  the  type  and  markuig  in 
pencil  the  position  of  the  word.  The  styles  of  lettering  are  only  limited  by  the  va- 
riety of  type  used.  In  the  preparation  of  ordinary  topographical  mai>s  it  is  desirable 
to  have  ten  small  fonts  of  letters,  and  figures  for  each,  except  those  for  State  names 
and  titles. 

''When  the  same  word  occurs  frequently,  as  in  the  cases  of  kinds  of  timber,  char^ 
aoter  of  river  bed,  numbers  of  contours,  &c.,  the  printing  is  done  very  rapidly.    Even 
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where  it  is  necessary  to  set  np  and  distribute  the  type  for  single  words  it  is  mnoh 
more  rapid  than  band  work. 

"In  printing  Hoandings,  tbree  disks  are  used.  They  are  made  with  slots  for  the 
ten  digits,  and  the  figures  fitting  in  snugly  are  held  in  place  by  friction.  They  can 
readily  be  replaced  by  new  type  when  they  become  worn.  It  is  evident  that  by  the 
use  of  three  disks  any  combination  of  figures  from  0  to  if99  can  be  made  by  revolving 
the  disks  so  as  to  form  the  required  number.  After  the  desired  combination  is  made, 
the  figures  are  inked,  and  the  disks  all  turned  together  down  to  an  index,  which  shows 
when  they  are  in  proper  position  to  print  evenly.  After  inking  they  are  then  pressed 
against  the  paper  at  the  point  where  the  figures  are  desired. 

"The  best  quality  of  printer's  ink  is  used,  and  it  is  applied  with  a  small  roller  made 
from  the  common  roller  composition." 

Mr.  Ockerson  has  continued  his  inquiries  and  experiments  in  this  field,  directing 
them  to  the  development  of  means  and  methods  for  printing  the  conventional  signs. 
The  success  thus  far  attained  is  set  forth  in  the  following  extract  from  his  report: 

"  HAND  PRESS  FOR  PRINTING  CONVENTIONAL  SIGNS  ON  MANUSCRIPT  MAPS. 

"  The  first  thing  necessary  in  resorting  to  mechanical  means  for  printing  conven- 
tional signs  is  to  obtain  accurate  types  or  molds  from  which  stamps  can  be  cast. 
Several  efforts  were  made  to  engrave  the  si^ns  in  wood,  but  the  results  were  never 
satisfactory.  Experiments  were  then  made  m  photoelectrotyping  from  small  draw- 
ing, and  after  a  number  of  trials  a  good  electrotype  was  finally  produced.  Careful 
drawings  were  then  made  on  sheets  6  by  14  inches  in  size,  and  accurate  electrotypes 
obtained.  These  are  the  standards,  and  are  never  used  except  for  the  j^urpose  of  pro- 
ducing working  stamps,  which  can  be  multiplied  without  limit. 

**  The  drawings  were  prepared  especially  for  maps  which  are  to  be  reduced  from  scale 
of  1:10,000  to  1:^0,000  by  means  of  photolithography,  and  published  by  combining 
neveral  detail  sheets. 

**  The  signs  themselves  are  entirely  satisfactory,  and  it  remains  to  solve  the  minor 
details  of  manipulation.'' 

With  this  in  successful  operation  the  only  hand  work  on  the  maps  will  be  the  pro- 
jections and  outlines ;  a  state  of  afiairs  in  which  the  word  "  manuscript''  will  be  almost 
%  misnomer. 

For  details  of  expenditures  I  beg  to  refer  the  committee  to  the  itemized  statement 
mibmitted  to  the  Commission. 

Smith  S.  Leach, 
F\r%t  Lieutenant  of  Engineers j  Secretary, 

General  C.  B.  C^mstock, 

Pretident  Missiesippi  Commissiony 

Chairman  Ckm^mittee  on  Surveys  and  Examinations. 


A  1. 

BEP0BT8  ON  BIGH' WATER  OBSERVATIONS. 

1.— Yazoo  front  for  flood  of  1882. 

(By  J.  B.  Johnson,  United  States  Assistant  Engineer.) 

Office  Mississippi  River  Commission, 

Saint  LouiSf  Mo.j^pril  27,  1882. 

Sir:  I  have  the  honor  to  report  upon  my  high-water  observations  on  the  Yazoo 
front,  made  March  13  to  19, 1882.  I  very  much  regret  that  circnnistanceH  have  forced 
me  to  present  the  results  of  my  observations  before  I  have  had  the  time  to  make  a 
stody  of  various  data  bearing  directly  on  the  facts  of  this  report.  1  submit,  there- 
fore, my  determination  of  the  discharge  of  Hood  water  into  the  Yazoo  bottoms,  with 
the  methods  by  which  they  were  obtained,  and  can  barely  hint  at  some  of  the  lines  of 
research  which  should  be  pursued  in  this  counection,  and  some  of  the  very  important 
results  which  should  come  from  such  investigations.  1  have  had  but  two  weeks'  time 
to  give  to  this  entire  report  since  returning  to  the  oflice,  which  has  proved  entirely  in- 
adequate to  the  demands  of  the  case. 

I  left  Saint  Louis  March  10,  on  board  the  V.  S.  ^^.  Emma  Etheridgo,  arriving  at 
Memphis  Sunday,  March  12.  There  1  received  your  written  instructious,  sent  troui 
Looisviile.    They  were  of  the  most  general  character,  simplj^  asking  me  to  find  as 
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accnrately  and  rapidly  as  possible  the  amoDnt  of  water  escaping  throtigb  tlie  levee 
and  otherwiso  into  the  Yazoo  bottoms,  from  Meni])hi8  to  Vicksbnrg.  Since  the  river 
had  fallen  nearly  a  toot,  and  was  falling  from  one  to  two-tenths  of  a  foot  a  day,  it  was 
evidently  eHsential  lo  ]>rohecnte  the  work  with  the  utmost  dispatch  consistent  with  a 
fairupproxiniation  tocoirect  resnits.  I  was  not  expected  to  stop  at  anyone  outlet  in 
order  to  make  a  series  of  experiments  bearing  on  the  law  of  ilow  of  water  throngh 
creva.sm'H. 

I  left  Memphis  March  13,  and  s'opped  that  night  at  Norfolk  Landing,  at  the  outlet 
of  Horn  Lake.  Here  the  business  commenced.  It  is  called  400  miles  from  Memphis 
to  Vieksburg.  This  stretch  was  examined  in  six  days.  I  was  three  days,  however, 
in  going  from  Norfolk  Landing  to  Helena,  a  distance  of  about  60  miles,  with  106  out- 
lets. 

From  here  to  Mound  Place,  a  distance  of  150  miles,  41  outlets  were  examined  in  1^ 
days.  From  Mound  Place  to  Vieksburg,  160  miles,  there  were  no  outlets  on  the  Mis- 
sissippi bank.  I  therefore  estimated  or  measurtMl  the  discharge  throagh  147  outlets, 
reaching  over  a  distance  of  210  miles,  in  4^  days,  being  an  averagi^of  33  outlets  and 
47  miies  of  river  per  day. 

From  Commerce  to  (ilendale,  45  miles;  Friar's  Point  to  foot  of  Island  64,  20  miles; 
from  Kiverton  to  Clark's  Landing,  Lake  Ben  lab,  10  miles,  and  Catfish  Point  to  Eutaw, 
13  miles,  I  followed  the  line  of  the  levee  continuously  in  a  skifi',  seldom  getting  out  of 
Sight  of  it.  This  gives  a  total  of  8H  miles  by  river,  but  it  was  probably  not  more  than 
75  miles  by  levee.  This  work  was  very  laborious,  since  it  was  mostly  through  the 
woods,  where  the  difBenlties  of  proi)elling  a  skill'  were  very  great.  The  levee  on  these 
stretebes  was  often  many  miles  from  the  river,  and  the  breaks  were  so  numerous,  and 
Ilow  over  the  levee  so  great,  that  it  was  to  md  necessary  to  follow  it  rigidly  in  order 
that  no  outlets  should  be  lost.  For  the  rest  of  the  distance  the  outlets  consisted  of 
large  breaks  in  the  levee  whos(5  locations  were  well  known  to  people  who  could  be 
seen  at  the  landings,  and  they  were  generally  close  to  the  channel  of  the  river,  so 
that  1  came  to  each  locality  by  steamer,  and  then  took  a  skiff  and  went  out  to  the 
break. 

My  assistance  consisted  of  the  mate  of  the  Etheridge,  who  did  all  the  sounding, 
and  the  boatmen  engaged  on  the  steamer. 

I. — General  description  of  overjUno  into  Yasoo  Swampa, 

The  outlets  for  flood-water  into  the  Yazoo  bottoms  are  of  three  kinds: 

First.  Over  the  natural  surface  of  the  banks,  where  the  levee  has  caved  off  into  the 
river. 

Second.  Over  the  top  of  the  levee. 

Third.  Through  breaks  in  the  levee. 

It  is  a  very  not ictabte  fact  that  there  are  no  outlets  into  the  Yazoo  be!<no  the  natural  »iir- 
face  of  the  bank.  In  tnis  respect  this  bottom  difters  from  the  Saint  Francis,  as  well  as 
the  Red  and  Atchafalaya  river  bottoms.  There  are  many  bayous  leading  from  the 
Mississippi  into  the  Saint  Francis  from  6  to  12  feet  IHow  the  top  of  the  bank,  so  that 
a  stage  of  water  5  feet  below  the  surface  of  the  bank  furuishes  a  very  perceptible 
su|  ply  of  water  to  the  Saint  Francis  swamps.  This  is  not  the  case  with  the  Yazoo. 
The  flood-waters  enter  this  bottom  over  the  bank  in  but  two  places,  at  and  above  Star 
Landing  (Dc^  Soto  Front  post-office)  tor  a  distance  of  9,300  feet,  and  opposite  Island 
64  for  a  distance  of  3,300  feet.     In  both  places  the  levee  has  caved  off  into  the  river. 

.Just  above  Sunflower  Landing  (Island  66)  the  old  levee  on  river  bank  is  gone  for  2 
miles.  The  levee  from  brlow,  however,  turns  here  and  runs  back  some  8  miles  to  the 
Friar's  Point  county  road,  which  is  raised  a  few  feet  above  the  natbral  surface  of  the 

f  round.  As  the  river  rises  over  its  bunks,  which  here  are  5  or  6  feet  below  top  of  this 
ood,  the  water  enters  this  open  country,  but  alter  the  levees  broke  above,  there 
being  a  natural  drainage  towards  the  river  at  this  point,  the  water  flowed  back  to 
the  river  through  this  two-mile  l)reak.  The  water  that  entered  here  probably  never 
reached  the  Yazoo,  but  was  cut  off  by  the  Friar's  Point  road  and  Sunflower  levee  above 
mentioned. 

At  the  height  of  the  flood  the  water  discharged  over  the  top  of  the  levee  in  almost 
one  continuous  sheet  from  a  point  3  miles  below  Commerce  to  the  railroad  embank- 
ment back  of  Glendale,  then  at  frequent  intervals  as  far  as  Island  64.  From  Sun- 
flower to  the  lower  line  of  IssatpuMia  County,  Mississippi,  30  miles  above  Vicksburg, 
the  lovee  was  intact  previous  to  this  flood.  This  levee  is  under  direct  control  of  the 
levee  board  of  Bolivar,  Washington,  and  Issa<iuena  counties.  As  the  water  neared 
the  top  of  it  the  levee  was  raised  from  1  to  3  leet  on  almost  the  entire  distance,  as  far 
at  least  as  Mound  Place  (100  miles  by  river),  but  the  river  raised  over  it  in  many 
places  for  miles  together,  especially  in  the  vicinity  of  the  mouths  of  White  and  Ar- 
kansas rivers  and  around  Cattish  Point.  This  would  often  cause  large  breaks  in  the 
levee,  which  would  furnish  sufficient  relief  to  lower  the  water  below  the  remaining 
levee  BuriJMe. 
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Wherever  the  levee  was  built  of  "  buckshot"  or  **  bagasse  "  soil,  however,  the  wear 
"was  very  slow,  and  in  many  places  the  water  had  been  running  over  four  or  five 
weeks  without  wearing  down  the  top  of  the  levee  more  than  1  foot. 

The  water  commenced  running  over  the  levee  in  vicinity  of  nioiith  of  Saint  Francis 
and  above  February  12,  and  on  March  14-16,  the  river  having  fallen  G  to  14  inchesf 
the  water  was  found  running  over  17,300  feet  of  levee  from  Commerce  to  Glendale, 
aside  from  29,500  feet  of  crevasses  where  the  levee  was  partly  or  wholly  gone.  At 
and  below  Austin  the  river  had  fallen  12  to  14  inches,  but  the  water  had  overtlowed 
almost  the  entire  levee  at  top  of  flood. 

On  March  17-19  the  water  was  not  found  running  over  the  levee  at  any  point 
below  Glendale,  although  all  the  breaks  below  there  were  caused  by  water  running 
over  the  top,  and  it  doubtless  did  run  over  in  many  places  for  a  short  time  where  no 
breaks  occurred. 

The  most  of  the  water,  however,  which  entered  the  Yazoo  bottoms  escaped  through 
breaks  in  the  levee.  From  the  tabulated  discharge  it  appears  that  at  least  90  per 
cent,  of  all  the  water  escaping  from  the  Mississippi  into  the  Yazoo  bottoms  went  out 
through  these  crevasses  and  80  per  cent,  esciiped  through  twenty  breaks,  that  beiug 
the  number  of  discharges  of  10,000  cubic  feet  per  second  and  upwards.  One  hun- 
dred and  eleven  discharges  through  crevasses  were  seen  and  measured  or  estimated 
on  the  line  of  the  levee  from  Horn  Lake  to  Mound  Place.  Twenty-eight  occur  below 
Sunflower,  in  the  ''Lower  District,"  where  the  levee  has  been  well  kept  up.  The 
**  Upper  District,"  extending  from  the  bluti's  below  Memphis  to  Sunflower,  has  been 
abandoned  since  the  flood  of  1874,  and,  though  having  very  few  breaks  in  it,  it  had 
been  worn  down  in  many  places,  and  in  the  three  places  mentioned  above  the  levee 
bad  caved  into  the  river. 

There  were  two  hicalities  on  the  Yazoo  front  where  the  flood  waters,  having  escaped 
over  or  through  the  levees  above,  were  forced  back  to  the  river  again  below.  One  is 
at  McKiuuey  Bayou,  2  miles  above  Austin,  and  the  other  is  just  above  Sunflower. 
The  former  is  caused  by  an  intervening  ridge,  but  the  latter  is  only  the  natural  drain- 
age across  a  jjoint  where  the  levee  is  caved  off  below. 

The  levees  liroke  at  Mhoon's  Landing,  7  milesabove  the  mouth  of  McKinney  Bayou, 
February  12.  This  water  was  so  obstructed  by  high  land  between  here  and  Cold- 
water  Creek  that  in  four  days  (February  16)  it  commenced  running  over  the  to]> 
of  the  levee  back  into  the  river  3  miles  below  Mhoon's,  and  for  almost  the  entire  dis- 
tance to  the  mouth  of  McKinney  Bayou,  which  was  four  miles.  On  February  18  the 
levee  across  the  mouth  of  the  bayou  (which  had  a  culvert  in  it  for  drainage  of  swani]* 
water  back  to  river^  broke,  and  on  March  15  the  bayou  proper  was  discharging  10,300 
cubic  feet  x)er  second.  The  highest  water  occurred  here  March  f),  and  on  March  15  it 
bad  fallen  14  inches.  At  this  date  I  found  14(5,000  cubic  feet  per  second  passing  out 
of  the  river  at  and  above  Mhoon's  Landing,  and  only  84,000  cubic  feet  coming  back  to 
the  river  at  and  above  McKinney  Bayou.  The  balance,  some  62,000  cubic  feet,  passed 
back  into  Cold  water  and  on  to  the  Yazoo.  From  Maj.  G.  M.  Helm,  chief  engineer 
of  the  levee  board  for  the  Lower  Mississippi  <listrict,  I  have  learned  that  on  April 
21,  which  was  the  height  of  the  flood  in  that  locality,  there  were  eighty  breaks  in  the 
levee  from  the  lower  line  of  Issaquena  County  u])  to  Cottonwood,  10  miles  above, 
cansed  by  the  Yazoo  overflow  pouring  out,  back  to  the  river  again,  over  the  top  of  the 
levee.  Cottonwood  is  48  miles  above  Vicksburg  by  river.  The  maximum  width  of 
these  breaks  is  6,880  feet. 

II. — Methods  employed. 

In  regard  to  the  methods  employed  to  obtain  these  discharges,  I  wish  to  say  in  ad- 
vance that  they  were  only  intended  to  be  approximate.  The  rapidity  with  which  it 
seemed  necessary  to  do  the  work  would  not  admit  of  any  elaborate  study  or  series  of 
observations  at  any  one  locality. 

I  shall  try  to  describe  the  methods  employed  in  sufficient  detail  to  enable  one  to 
enter  a  fair  judgment  of  the  reliability  of  the  results.  This,  I  am  aware,  is  the  more 
necessary  since  the  magnitude  of  the  overflow  seems  without  reliable  precedent. 

In  the  first  place,  I  may  say  that  where  the  outlet  was  small,  either  over  the  levee 
or  through  a  small  break,  both  the  width  and  velocity  were  generally  estimated ;  but 
where  the  discbarge  seemed  large,  the  cross-section  and  surface  velocity  were  obtained. 

The  discharge  over  the  bank  was  found  by  estinuiting  the, width  of  outlet  (which 
was  afterwards  checked  up  by  the  charts  or  maps  in  the  oflice),  soundiug  the  depth 
at  intervals  and  running  a  surface  float.  But  since,  as  stated  above,  90  per  cent,  of 
the  entire  output  into  the  Yazoo  was  through  twenty  crevasses,  each  of  which  dis- 
charged more  than  10,0C0  cubic  feet  per  second,  it  becomes  evident  that  if  the  large 
outlets  were  carefully  studied  the  smaller  ones  might  well  bo  hastily  inspected  without 
introdncing  any  largo  errors  iu  the  result. 

It  was  very  important,  however,  that  all  outlets,  whether  large  or  small,  should  be 
seen  by  the  engineer  himself,  if  for  nothing  els<*,  that  he  might  know  that  the  discharge 
was  of  little  consequence.     There  arc  many  ways  of  arriving  at  the  approximate  dis- 
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charge  of  a  crevasse,  simply  by  looking  at  it.  If  the  observer  approaches  the  crev- 
asHe  m  a  skili',  from  either  side  of  the  levee,  he  can  form  a  very  good  idea  of  the  dis- 
charge from  the  current  setting  towanl  or  from  it.  These  breaks  are  almost  always 
in  the  woods,  or,  at  least,  there  are  trees  on  one  or  both  sides  of  it,  and  a  person  famil- 
iar with  forests  can  tell  something  of  the  depth  of  the  water  by  looking  at  the  trees 
and  bushes  standing  in  it.  If,  however,  the  observer  is  in  a  skiff,  he  soonds  for  the 
depth  of  water  with  his  oar,  and  if  this  is  not  long  enough  he  has  his  leadsman  cast 
his  lead.  Learning  thus  the  only  fact  which  is  not  directly  visible,  he  estimates  the 
width  of  the  crevasse  (or  the  length  of  an  arc  of  a  circle  around  in  front  of  the  creva.«we 
on  the  line  of  his  sonndiugs),  and  he  also  estimates  the  velocity  in  feet  per  second,  by 
throwing  in  chips  and  ticking  seconds  in  his  mind  and  estimating  the  distance  trav- 
eled. In  this  way  he  can  readily  arrive  at  an  approximation  to  the  discharge  and 
know  whether  it  is  worth  his  while  to  stop  with  such  an  estimate  or  to  employ  more 
elaborate  means  to  determine  the  discharge.  I  shall  refer  to  these  more  accurate 
methods  again. 

I  wish  here  to  emphasize  the  reliability  to  a  tolerable  approximation  of  these 
methods  of  estimating. 

The  estimate  is  usually  made  on  a  section  outside  or  inside  of  the  line  of  the  levee. 
A  few  soundings  are  made  on  this  section,  as  the  skiff  moves  along  in  front  of  the 
crevasse  or  overflow,  and  the  depth  of  the  section  determined.  If  the  discharge  is 
small  the  skiff  will  probably  not  be  stojiped.  A  fair  approximation  to  the  velocity 
of  the  water  can  bo  made  by  seeing  how  rapidly  it  passes  the  trees  on  the  line  of  onr 
section.  After  having  made  a  great  many  accurate  measurements  of  surface  velocity, 
by  means  of  a  float,  one  can  closely  estimate  the  velocity  by  seeing  it  pass  any  obMtruc- 
ti'on.  Knowing  then  the  depth  and  velocity  on  onr  section,  we  know  the  discharge 
m  cubic  feet  per  second  per  linear  foot. 

If  the  water  were  S  feet  deep  on  the  auxiliary  section  and  has  a  velocity  of  1  foot 
per  second  towards  the  levee  and  only  the  top  of  the  levee  seems  to  be  washed  off, 
I  would  call  the  depth  on  levee  2  feet  and  velocity  4  feet ;  if  all  the  levee  seems  to  be 
w^ashed  out  I  could  say  de])th  =  4  feet  and  velocity  =: 2  feet;  in  both  of  which  caseh 
the  discharge  is  8  cubic  feet  per  second  per  linear  foot. 

This  coefficient  of  reduction  from  surface  velocity  to  mean  velocity  will  be  consid- 
ered later. 

This  method  of  estimating  will  account  for  so  many  oven  numbers  in  depth  and 
velocity  coluinns  in  the  table  of  discharges.  The  width  of  discharge  is  then  esti- 
mated (width  taken  as  the  length  of  onr  auxiliary  section)  and  the  observation  is 
coinj)lete.     This,  as  I  have  said  before,  is  for  small  discharges. 

It  may  well  be  said  that  such  methods  would  involve  very  large  personal  equations 
— that  two  persons  might  arrive  at  very  difterent  results.  This,  of  course,  must  be 
granted,  but,  injustice  to  myself,  I  should  speak  of  my  long  experience  in  paoiiig 
distances  as  a  rodman  on  pre(as(»  level  work,  and  later  as  an  observer  in  the  same 
kind  of  work  where  the  distance  is  always  paced  and  then  determined  by  the  wire 
interval  on  the  rod.  Thtj  observer's  mind  is  constantly  engaged  in  estimating  dis- 
tances, all  of  which  estimates  are  at  once  checked  up  by  the  rod  readings.  One 
learns  in  this  way  to  estimate  distances  of  100  to  300  feet  very  closely.  Our  distances 
in  leveling  are  always  given  in  meters,  and  so  I  find  I  can  estimate  a  distance  in 
meters  much  better  than  when  I  try  to  think  in  feet.  When  the  width  of  a  crevasse 
was  measured  by  stadia,  in  this  work,  it  was  always  obtained  in  meters  too,  so  that 
the  prevalence  of  such  distances  as  3;5U  or  6<)0  feet  in  the  table  is  explained  by  their 
having  been  estimated  as  100  or  200  meters. 

I  think  I  may  say,  too,  that  from  my  childhood  I  have  been  accustomed  to  hear  a 
pendulum  clock  ti<'k  seconds,  and  that  I  have  only  to  imagine  myself  as  keeping 
time  with  the  old  clock  in  onler  to  mark  seconds  very  closely. 

So  much  for  the  estimates  which  appear  in  this  report.  Such  means  of  determin- 
ing discharge  were  not  used  for  more  than  20  per  cent,  of  the  whole  amount  of  over- 
flow into  the  Yazoo.  I  may  say,  however,  that  the  width  of  a  crevasse,  or  the  length 
of  the  section  across  which  discharge  was  taken,  which  was  usaaliy  greater  than  the 
width  of  the  crevas.se,  was  often  estimated  when  the  section  was  carefully  sounded, 
and  when  the  surface  velocity  was  obtained  by  float.  This  was  done  because  to  get 
the  width  by  stadia  the  skift*  would  have  to  pass  from  one  side  of  the  crevasse  to  the 
other  three  times  in  order  to  set  the  observer  on  one  side,  the  stadia  man  on  the  other, 
go  back  for  the  observer,  and  then  pass  on  along  down  the  levee.  This  passing  of  the 
skift*  was  often  dangerous  unless  it  took  a  wide  circuit  around  to  avoid  the  rapid  cur- 
rent, and  then  the  tiino  re(|uired  was  too  great.  The  width  was  most  difficult  to 
mc^asure,  therefore,  and  most  readily  estimated,  and  hence  it  was  often  estimated 
when  all  other  data  was  measured. 

I  think  the  error  of  estimates  on  such  distances  would  not  exceed  10  or  15  per  cent. 
When,  li'wever,  the  discharge  per  lin«?ar  foot  was  seen  to  be  great,  as  for  a  deep  sec- 
tion with  rajiid  current,  the  width  was  measured  by  stadia,  if  possible,  and  it  nearly 
alwayn  was. 
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The  BoandiDgs  were  nade  by  the  mate  of  the  Etheridge,  an  experienced  leadsman, 
with  a  12*poand  lead. 

The  velocity,  when  measured,  was  found  by  means  of  a  regular  ship's  log,  present- 
ing 18  sqaare  inches  of  surface  to  the  current,  the  line  being  a  small  sea-grass  fish- 
line,  running  on  a  fishing-reel,  with  the  least  possible  amount  of  friction.  The  lino 
was  tagged  with  difi'erent  colors  every  10  feet,  and  the  reel  was  provided  with  a  catch 
which  could  be  thrown  and  the  run  of  float  stopped  instantly.  In  using  it  my  leads- 
man held  the  watch  and  called  every  five  seconds— as  **  Tick— five— ten— fifteen,"  &c. 
I  noted  what  part  of  the  line  was  running  off  the  reel  at  the  initial ''  tick,"  and  would 
then  throw  the  catch  at  some  even  five  seconds. 

The  line  was  about  120  feet  long,  and  from  80  to  100  feet  was  usually  allowed  to 
run  out.  If  80  feet  had  run  out  in  twenty  seconds,  the  velocity  was  recorded  as 4  feet 
per  second.  This  viBlocity  was  obtainetl,  of  course,  across  the  line  of  the  section 
sounded. 

There  are  but  four  estimates  in  the  tabulated  list  of  discharges  that  were  not  made 
upon  personal  inspection  and  observation.    They  are — 

OUTLETS. 

Cnbio  feet 

Horn  Lake  discharge 1, 000 

Thompson  Place  discharge 12, 000 

Lake  Benlah  discharge 14, 70O 

Total  discharge 27,700 

RETURN  FLOW. 

Above  Sunflower 37,000 

Making  a  net  reflow  back  to  the  river  of  10,000  cubic  feet  per  second,  based  on  facts 
not  obtained  by  direct  personal  observation. 

I  tried  to  reach  the  Horn  Lake  break  on  the  evening  of  the  13th  of  March,  by  row- 
\n^  up  the  Horn  Lake  pass,  but  the  current  out  was  so  strong  that  I  succeeded  in 
going  only  about  2  or  3  miles.  The  data  obtained  are  thought  to  be  tolerably  reliable. 
This  break  had  flooded  the  entire  country  back  of  Norfolk  Landing,  clear  up  to  the 
levee  on  the  river  front.  The  discharge  given  (IjOOO*  cubic  feet)  is  therefore  rather 
too  small  than  too  large. 

The  breaks  on  the  Thompson  Place  were  not  visited  because  I  knew  I  could  get  very 
reliable  information  from  Captain  Staneell,  levee  contractor,  and  because  it  would 
have  delayed  the  work  a  half  day.  I  saw  a  break  some  two  miles  above  and  another 
some  three  miles  below,  and  so  could  form  some  satisfactory  estimate  of  the  velocity 
the  water  would  have,  for  the  fall  through  the  levee  would  lie  about  the  same. 

For  the  breaks  on  Lake  Beulah  that  were  not  visited,  I  have  this  excuse.  The 
steamer  had  gone  from  Riverton  around  to  Clark's  Landing  in  Lake  Beulah,  and  I 
stai-ted  to  follow  the  levee  in  a  skiff.  After  passing  Judge  Aliles's  the  difliculties  of 
setting  a  boat  through  became  so  great  that  I  found  I  could  not  poKwibly  follow  the 
levee  all  the  way  to  Clark's  before  dark.  The  levee  also  was  very  low — about  four 
feet — and  for  the  two  or  three  breaks  found  in  it  the  current  was  only  three  feet  per 
second.  At  Clark's  I  learned  that  Walter  Helm,  assistant  engineer  to  Levee  Board, 
had  just  made  a  personal  inspection  of  all  that  line  of  levee,  and  I  could  learn  the 
facts  from  him  at  Greenville,  which  I  did. 

For  the  return  flow  of  water  to  river  above  Sunflower,  my  data  is  more  unsatisfac- 
t«>ry  than  for  any  other  portion  of  the  discharge.  I  had  been  told,  before  starting  out, 
that  tjie  levee  above  Sunflower  ran  eight  miles  back  fiom  the  river  and  then  straight 
to  Friar's  Point.  At  Friar's  Point  I  learned  this  was  a  mistake,  and  that  the  levee 
capae  to  the  river  again  in  the  next  bend  below.  I  followed  the  levee  continuously 
from  Friar's  Point  to  Island  64  and  found  that  my  first  information  was  wholly  erro- 
neoas.  At  a  point  nearly  opposite  Saint  Louis  Landing  I  found  a  small  break  in  the 
levee  where  the  water  was  running  back  to  the  river.  This  was  some  five  miles  above 
Sunflower.  They  told  here  that  the  levee  wa«  complete  to  Sunflowei-.  I  therefore 
took  steamer  to  Sunflower,  and  was  there  told  again  the  same  story.  They  must  have 
meant  the  levee  running  straight  back  from  Sunflower  to  the  Friar's  Point  road,  which 
•was  intact.  I  therefore  passed  on  down.  On  arriving  at  the  office  and  consulting  the 
field  sheets  of  last  winter's  survey,  I  find  that  the  old  levee  that  follows  the  river  from 
Friar's  Point  down  has  caved  oft*  in  the  river  for  two  miles  above  Sunflower,  and  As- 
sistant Engineer  J.  A.  Ockerson  says  that  in  the  high  water  of  18SI  water  was  run- 
ning ont  of  this  opening  into  the  river.  He  also  furnished  me  with  the  elevation  of  a 
high-water  mark  of  1881  at  this  point,  and  the  general  t'levation  of  the  bank  referred 
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to  same  datum.  Knowing  the  excess  of  flood  of  1882  over  that  of  1881,  I  derived  the 
average  depth  of  water  over  this  section  for  this  flood.  From  the  fiehl  sheets  it  is 
evident  there  is  a  natural  drainage  hack  to  river  here  from  the  bend  above,  and  from 
the  observed  velocity  through  the  break  five  miles  above,  I  thought  tlicre  might  be 
an  average  surface  velocity  of  one  foot  per  second  back  into  the  river  for  this  entire 
section  of  two  miles  width.  This  gives  a  return  flow  at  this  point  of  3/,  150  cubic  feet 
l)er  second. 

III. — Results. 

In  appendix  to  tliis  report  will  be  found  a  tabulated  list  of  all  discharges,  whether 
out  of,  or  into  the  Mississippi  River,  on  the  Yazoo  Front,  from  Memphis  to  a  point  some 
48  miles  above  Vicksburg,  where  the  Yazoo  commences  discharging,  even  over  the  levees, 
back  into  the  Mississippi.  No  data  were  obtained  on  this  discharge  at  the  mouth  of 
the  Yazoo.    This  table  furnishes — 

(1)  The  approximate  location  of  the  outlet. 

(2)  The  kind  of  outlet ;  whether  over  bank  or  levee,  or  by  crevasse  in  levee. 

(3)  Date  of  lirst  discharge,  or  date  of  break  in  case  of  crevasse. 

(4)  Date  of  observation. 

(5)  Stage  of  water  below  the  maximum  at  time  of  observation. 

(6)  Width  of  outlet. 

(7)  Mean  depth  of  outlet. 

(8)  Surface  velocity  of  water. 

(9)  Discharge  in  cubic  feet  per  second. 

(10)  Th(i  partial  summation  of  discharge  for  the  several  sections  of  the  river. 

(11)  The  continued  summation  of  the  net  discharge  from  the  Mississippi  River  into 
the  Yazoo  Swamp. 

The  date  of  the  break  was  obtained  in  nearly  all  cases  from  people  in  the  vicinity, 
and  when  this  could  not  be  done,  it  was  taken  as  the  date  of  tne  water  commencing 
to  run  over  the  top  of  the  levee. 

A  column  giving  *•  cause  of  break  "  would  have  been  added,  except  that  in  all  cases 
but  two  the  breaks  were  caused  by  the  water  running  over  the  top.  In  one  of  these 
cases  the  levee  was  supposed  to  have  been  cut,  and  in  the  other,  which  was  the  upi>er 
break  at  Bolivar,  there  was  an  e8cai)ing  of  water  at  the  bottom  for  several  days,  and 
then  (he  levee  gave  way  all  at  once,  bottom  lirst  apparently.  This  could  have  been 
]>revented  by  building  a  *'  run-around,"  but  the  forces  were  all  exhausted,  having  for 
days  and  almost  weeks  been  working  night  and  day  in  raising  the  tops  of  the  levees. 

The  methods  of  tinding  width,  depth,  and  velocity  have  already  been  discussed. 
The  coeiaifient  of  reduction  from  surface  to  mean  velocity  has,  however,  not  yet  Iwen 
treated.  And  this  is,  I  think,  the  most  uncertain  element  in  the  whole  problem.  I 
have  used  70  per  cent,  as  the  ratio  of  mean  to  surface  velocity.  I  can  give  no  better 
reason  for  using  this  ratio  than  the  general  fact  that  this  is  about  the  smallest  ratio 
on  record  for  this  relation  in  natural  channels,  and  my  judgment  is  that  this  is  about 
right  for  crevasses.  The  whole  question  of  the  flow  of  water  through  a  channel  of 
rapidly  diminishing  depth,  which  is  about  the  same  as  that  over  a  submerged  weir, 
seems  as  yet  almost  wholly  unsolved.  Where  the  flow  through  a  crevasse  is  over  the 
natural  surface  of  the  ground,  with  no  excavation  or  **  wash"  on  the  line  of  the  levee, 
as  was  the  case  at  Trotter's  Landing,  the  relation  of  surface  to  mean  velocity  would  be 
that  of  ordinary  flowing  streams,  perhaps,  but  where  there  is  a  deep  gorge  washed  out 
from  the  river  bank,  as  at  Riverton,  or  on  Sunflower  Lake,  below  Austin,  which  may 
be  'M)  or  40  feet  deep  in  the  line  of  the  levee  and  between  it  and  the  river,  but  rapidly 
shoals  up  after  it  passes  the  lino  of  the  levee  where  the  water  can  spread  in  all  direc- 
tions— in  su(;h  a  ease,  there  can  be  no  <loubt  that  the  ratio  of  mean  to  surface  is  much 
less  than  where  the  dei)th  continues  indefinitely.  In  the  case  of  a  deep  hole  excava- 
ted in  the  line  of  the  levee,  also,  the  ratio  of  mean  to  surface  is  very  different  from 
that  of  ordinary  streams.  In  this  case,  however,  I  usually  tried  to  get  a  section  out- 
side of  the  "  wash."  Where  I  could  not  do  this,  as  was  the  case  at  Austin  and  at  Bol- 
ivar. 1  would  decider  whether  or  not  the  entire  section  should  be  considered  availutilc 
for  discharge.  In  two  cases  at  Austin  I  thought  that  about  one-third  of  each  croes- 
sectiou  should  be  deducted  for  the  ettect  of  the  eddies  near  each  side,  but  in  no  case 
have  I  deducted  anything  for  depth.  The  reason  for  not  doing  so  was  that  in  all 
eases  wherr  these  holes  existed,  their  eflfect«  were  at  once  evident  from  the  sudden 
cheeking  of  the  velocity,  and  the  vigorous  boiling  of  the  water  as  soon  as  the  deep 
section  was  readied.  The  rapid  exchange  of  position  vertically,  of  the  particles  of 
water,  caused  by  these  immense  boils,  would,  of  itself,  tend  to  give  a  uniform  velocity 
to  the  entire  cross-section.  This  checking  of  the  current  was  so  marked  that  in  some 
places  it  was  evi<lent  that  the  surface  velocity  must  be  compensated  by  a  more  rapid 
velocity  below.  A  very  valuable  observation,  bearing  on  this  subject,  was  obtained 
at  th(^  upper  IJolivar  break. 
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Tliift  break,  as  measured  by  stadia,  was  1,150  feet  wide.  Tlio  upper  half  of  it  was 
just  back  of  a  large  hole  which  had  been  excavated  by  a  previous  break.  On  the 
lower  half  the  levee  had  gradually  washed  oft",  but  without  excavating  any  hole.  The 
mean  depth  on  the  upper  half  was  39  feet,  the  maximum  being  4H  feet.  The  mean 
depth  of  lower  lialf  was  14  feet,  depth  being  very  uniform.  The  levee  here  was  about 
a  quarter  of  a  mile  from  the  river  and  back  of  an  open  grove  of  secoird  growth  cot- 
tonwoods.  There  was  a  fall  of  about  2  feet  from  the  river  bank  to  the  line  of  the  levee, 
and  an  apparently  uniform  slope  through  the  levee.  The  depth  of  overflow  outside 
the  levee  was  very  uniform,  being  from  12  to  14  feet.  The  water  passed  into  this 
break  from  all  directions  with  a  uniform  velocity,  the  discharge  per  linear  foot  evidently 
being  nearly  uniform  for  the  entire  crosd-section. 

The  surface  velocity  iu  the  deep  section  was  found,  by  float,  to  be  2|  feet  per  sec- 
ond (being  75  fe«t  in  30  seconds),  while  the  surface  velocity  on  the  shoal  section  was 

0  feet  ))er  second  (being  90  feet  in  15  seconds). 

Applying  our  coefficient  of  i^  to  reduce  surface  to  mean  velocity,  we  obtain  a  dis- 
chanre  per  linear  foot  of  68  cubic  feet  on  the  deep  section  and  of  59  cubic  feet  on  the 
shoal  M'ct  ion.  This  is  an  extreme  case,  and  we  obtain  a  discharge  in  the  deep  section 
15  p«^r  rent,  greater  than  in  the  shoal  section,  which  is  doubtless  quite  within  the  limits 
of  error  tor  each  measurement. 

Si»  lar  as  my  observation  goes,  therefore,  I  think  little  or  no  deduction  should  be 
made  for  the  depth  of  the  hole,  provided  a  fair  average  surface  velocity  could  be  ob- 
tained. The  prevalence  of  this  disturbed  condition  of  the  surface  makes  it  diflicult  to 
obtain  a  surface  velocity  which  will  be  near  the  average.  For  this  reason  it  is  best  to 
try  to  get  the  section  for  discharge  where  there  is  a  more  even  flow.  I  am  sure  it  is  a 
grave  error  to  assume  that  the  rate  of  flow  across  one  of  these  holes  is  th(^  same  as 
though  there  were  no  excavation  there.  The  most  casual  obst^rvatiou  would  correct 
such  an  impression.  I  do  not  think  the  existence  of  the  enlarged  section  would  mate- 
rially increase  or  diminish  the  flow  of  water  across  it,  but  I  do  think  that  when  the 
surface  velocity  is  taken  across  the  enlarged  section,  the  entire  cross-section  should 
be  n^ed,  except  when  there  are  well-defined  eddies  at  the  siitTa. 

As  to  what  coefficient  should  be  used  to  reduce  to  mean  v(;locity,  I  know  of  no  way 
of  determining  it  except  by  obtaining  vertical  velocity  curves  for  the  various  condi- 
tions. Even  then  the  new  local  conditions  found  at  every  crevasse  would  so  modify 
the  problem  as  to  make  it  inapplicable. 

When  I  started  out  I  obtained  permission  to  engage  a  number  of  observers  to  read 
a  gauge  outside  and  one  inside  the  levee  at  the  most  important  crevasses,  and  also  to 
note  the  rates  of  widening  of  the  crevasse  from  stakes  on  top  of  the  levee  that  1  would 
locate.  I  thought  in  this  way  to  obtain  data  that  could  be  used  in  deriving  some 
formula  for  computing  the  flow  through  the  crevasse  for  the  remainder  of  the  flood. 

1  was  soon  convinced,  however,  after  taking  the  field,  that  no  data  obtained  atone  lo- 
cality could  be  applied  at  another,  for  it  is  the  local  conditions,  far  more  than  the  sloi)e 
through  the  crevasse,  which  determines  the  discharge.  I  therefore  abandoned  the 
scheme.  The  conditions  here  refeiTed  to  are  such  as  trees  and  bushes  on  one  or 
both  sides  of  the  break,  obstructions  in  the  crevasse  itself,  such  as  fallen  trees,  and  the 
velocity  of  the  water  towards  the  crevasse  as  it  approaches  th<'  opening.  In  the  case 
of  the  Bolivar  break,  the  one  above  Delta,  and  many  others,  the  water  came  pouring 
down  through  the  woods  with  a  tremendous  cm  rent,  and  entered  the  crevasse  at  G  to  8 
feet  per  second.  Here  it  was  checked  up  to  2  or  3  feet  ])er  second  if  there  was  a  deep 
wa»h-<>nt,  but  if  there  was  little  eulargement  of  the  section  it  passed  right  on  throngu 
withabout  the  same  velocity,  and  perhaps  with  very  a  little  fall,  through  the  levee.  On 
the  other  hand,  if  the  discharge  was  not  sufficient  to  give  the  water  a  strong  entering 
current,  or  if  the  crevasse  was  on  the  river  bank  where  the  water  had  full  and  free  ac- 
cess to  supply  the  discharge  without  generating  any  great  velocity,  the  fall  through 
the  levee  might  be  1  or  2  feet  without  creating  a  velocity  of  more  than  3  or  4  feet  on 
the  line  of  the  levee.  Data  obtained,  therefore,  from  an  elaborate  study  of  one  cre- 
vasse would  probably  give  vicious  results  when  applied  to  other  localities. 

A  good  example  of  this  is  seen  in  ITum]>hrey8  and  Abbot,  pj).  2^3-301.  A  formula  ob- 
tained from  a  study  of  the  Bell  crevasse  was  applied  to  the  crevasses  on  the  Yazoo 
frontin  1858,  and  the  computed  discharge  would  havedrainedthe  river  dry  before  reach 
ing  Vicksburg.  By  an  elaborate  investigation  au  eft'ort  was  made  to  find  what  the 
dischargo  into  the  Yazoo  should  have  been,  Jind  so  a  coefficient  of  correction  was  ob- 
tained to  apply  to  the  formula  when  used  for  other  localities,  and  this  coefficient  was 
^,     It  was  concluded  therefore  that  the  formula  gave  three  times  too  large  a  discharge. 

If  it  isthought  that  the  coefficient  of  .7  is  erroneous,  any  other  can  be  readily  applied  by 
dividing  the  total  discharge  by  .7  and  multiplying  by  the  new  coefficient.  I  can  only 
give  it  as  being  in  my  judgment,  and  the  light  of  such  data  as  1  have,  very  nearly 
correct. 
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From  the  labiilatcl  discharge  in  the  HppeDdix  wc  may  make  the  following — 

SUMMARY  FOR  YAZOO  BOTTOM. 

I. — J8  to  locality. 

Cubic  feet  per  second. 

Outflow  above  Mhoon's 146, 000 

Return  flow,  Mhoou's  to  McKinuey  Bayou 64, 000 

Net  outflow  to  McKiuuey  Bayou 82, 000 

Outflow,  McKiuuey  Bayou  to  Austin 40,000 

Outflow,  Austin  to  Gleudale 168,000 

Outflow,  Glendale  to  Island  04 177,000 

467,000 

Return  flow  at  Sunflower 37,000 

Net  outflow  above  Sunflower 430,  OCK) 

Outflow,  Sunflower  to  Concordia 59,000 

Outflow,  Riverton  break :.   107,000 

Outflow,  LakeBeulah :«,000 

Outflow  Bolivar  breaks , 128,000 

Outflow,  Catlish  Point ; 6,000 

762,000 
Return  fl  )w  on  Catfish  Point 1,000 

Net  outflow  above  Catfish  Point 761,000 

Outflow  at  Mound  Place 21,000 

T»)tal  net  overflow  into  Yazoo 782,000 

II. — A8  to  time. 

Outflow,  Januarv  "21,  1882 20,000 

Outflow,  February  10,  1882 40,000 

From  breaks  occurring  February  10  to  19,  from  Austin  to  Island  64,  resulting 
from  the  first  Helena  rise,  theVe  was  a  net  discharge  February  20  of,  say  ..  320,000 

360,000 
From  flow  back  to  river  over  levee  and  through  McKinney  Bayou  break, 

which  occurred  February  18,  there  was  a  return  flow  February  20  of  :iboat.     40, 000 

Net  overflow  February  20 320,000 

From  breaks  occurring  February  28  and  Marcb  1,  with  increased  discharge 
of  upper  breaks,  there  was  a  net  iucrease  of  above  overflow  by  March  5  of, 
say  300,000 

Net  discharge  March  5 620,000 

From  brtjaks  occurring  March  5,  together  with  increase  of  discharge  of  other 
breaks,  there  was  a  net  overflow  March  9  (being  the  maximum  sta^e  at 
Memphis,  Mhoon's,  and  Helena)  of,  say 180,000 

Net  discharge  March  9 800,000 

From  direct  observations  the  net  discharge  March  14, 1882 780, 000 

From  an  inspection  of  the  gauge  curves  I  would  think  the  discharge  had  dimin- 
ished to  100,000,  or  perhaps  50,000  cubic  feet,  by  April  20,  when  the  river  had  fallen 
7  feet  at  Helena  and  5^  fet^t  at  Arkansas  City,  below  its  maximum. 

I  do  not  think  a  very  fair  estimate  could  be  made  of  the  time  of  ceaaing  to  over- 
flow, for  it  will  de])end  largely  on  the  amount  of  shoaling  back  of  the  large  breaks. 
It  is  well  known  that  great  quantities  of  sand  are  deposited  over  the  natural  bank 
back  of  these  large  discharges,  which  sometiiiies  will  raise  the  surface  several  feet, 
and  so  cause  the  discharge  to  cease  that  muc\  sooner. 

The  analysis  of  the  overflow  given  above  is  accurate  as  to  locMty,  but  the  estimates 
as  to  time  cannot  be  relied  on  with  any  degree  of  certainty.  Th<?  dates  of  breaka  as 
given  in  the  table  of  discharge  are  reliable,  and  with  sufficient  time  and  study  one 
might  derive  a  fair  api)roximation  to  a  curve  of  discharge  into  the  Yazoo  from)  aay, 
January  21  to  April  21,  which  are  about  the  limits  of  flood  discharge. 
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The  following  table  gives  au  analysis  of  the  widths  of  the  discharge  sectious : 


Kind  of  overflow. 


'Width  fiver  bank 

"Width  over  levee 

Widtfi  through  crevasses 

Totals 

Totals  in  miles 


Outlet. 


12.600  feet 
16.640  feet 
37,000  feet 


Returu  flow. 


66,240  feet 


12. 5  miles. 


10,500  feet 
8,040  feet 
4.890  feet 


Total  submerged. 


23,100  feet 
24,680  feet 
41.890  feet 


23.430  feet    89.670  feet 


4. 4  miles. 


16.  9  miles. 


4. 4  miles. 
4. 0  miles. 
7. 9  miles. 


16. 9  miles. 


IV. — Di«cu88ion  of  result. 

The  above  is  as  thorough  an  analysis  of  the  observed  fact  s  as  I  have  had  time  to  make. 
If  proiKsr  maps  were  accessible  it  would  be  inti'resting  and  profitable  to  study  the 
direction  and  course  of  the  flood  waters  after  passing  the  line  of  the  levee. 

Another  protitable  line  of  research  is  the  etfect  these  outlets  had  on  the  stage  of 
water,  velocity  of  current,  shoaling  of  bed,  &c. 

Their  effect  on  the  stage  is  in  many  cases  plainly  apparent  on  the  gauge  curves, 
submitted  with  this  report. 

GAUGE  CURVES. 

I  have  plotted  the  curves  of  eight  gauges  on  tbe  Mis8is8ij)pi,  one  on  the  White,  and 
one  on  the  Arkansas  Rivers,  from  November  2  to  April  22,  and  of  seven  others  on  the 
Mississippi  below  Cairo,  through  the  period  of  the  flood.     These  are  found  on  Plate  I.* 

On  Plate  II  will  be  found  the  gauge-curves  of  six  points  on  the  Mississippi,  viz, 
Cairo,  Memphis,  Helena,  mouth  of  White  River,  Lake  Providence,  and  Vicksburg. 
These  curves  are  made  to  coincide  both  as  to  time  and  elevation.  For  elevation 
they  are  all  referred  to  extreme  low  water  at  their  several  localities,  and  for  time 
they  have  all  been  made  to  coincide  with  the  Cairo  curve,  by  moving  the  other  curves 
bodily  to  the  left  as  many  days  as  it  took  the  December  wave  to  travel  from  Cairo 
to  the  given  point.  In  this  way  the  shar[>  and  exceedingly  symmetrical  December  rise 
Las  been  used  as  an  index  by  which  to  locate  the  curves  on  this  plate. 

The  curves  in  Plate  I  are  plotted  directly  from  their  gauge  readings,  without  any 
reference  to  low  water  or  any  common  datum.  They  all  seem  to  have  retained  the 
Mame  zero  except  that  at  M boon's  Landing,  which  was  evidently  moved  about  a 
foot  between  March  21  and  26. 

By  comparing  the  Cairo  and  Helena  curves  on  Plate  II,  one  can  see  at  what  stage 
the  water  commences  to  escape  into  the  Saint  Francis  swami)s  from  the  Mississippi. 
It  is  at  1^6  feet  on  the  Helena  gauge  and  29  feet  on  the  Memjihis  gnuge.  Tbis  is  shown 
by  the  divergence  of  the  two  curves  at  this  point.  The  river  at  Helena  ceases  to  rise 
as  rapidly  as  at  Cairo,  comes  to  a  maximum  seven  days  after  it  would  have  done  had 
the  river  been  within  its  banks,  being  January  10,  instead  of  January  3,  tor  a  maxi- 
mum at  Cairo  on  December  31.  Then  for  a  fall  at  Cairo  of  2^  feet  we  have  a  fall  at 
Helena  of  two-tenths  of  a  foot  before  the  next  rise  at  Cairo  forced  it  up  again. 

Until  the  water  commenced  to  escape  into  the  Yazoo,  January  21,  the  whole  story  of 
the  relations  of  Mississippi  to  Saint  Francis  is  told  or,  at  least,  indicated  by  the  re- 
lation of  these  two  curves  (Cairo  and  Helena).  (See  Plate  II,  Fig.  1,  December  26- 
January  21.) 

In  this  connection,  the  December  rise,  from  24  to  34  feet,  and  back  to  22  feet,  all 
from  November  2  to  December  16,  is  of  great  benefit.  Here  the  river  did  not  get 
above  its  banks,  neithc^r  did  it  escape  through  any  of  its  outlets  into  the  Saint  Francis, 
and  the  curves  are  not  only  strictly  similar,  but  at  Cairo  and  Helena  they  are  almost 
identical  in  position  ;  also  at  mouth  of  White  River  and  at  Vicksburg.  These  two 
latter,  however,  are  some  2  feet  higher  throughout  this  entire  period,  owing  to  a  rise 
of  8  feet  in  the  White  River  and  of  3  feet  in  the  Arkansas. 

A  very  noticeable  feature  of  the  Memphis  (;urve  is,  that  for  all  its  stages  it  is  far 
below  both  tbe  Cairo  and  Helena  curves.  At  time  of  overflow  this  would  be  expected, 
as  a  result  of  the  Saint  Francis  swamp  overflow,  but  wo  see  that  a  21-foot  stage  at 
Cairo  and  Helena  (being  exactly  the  same  elevation  at  the  two  points — see  Plate  II, 
Fig.  1>  corresponds  to  a  14  4-foot  stage  at  Memphis.  Also  a  34  to  35  foot  stage  at 
Cairo  and  Helena  (top  of  December  rise)  gives  only  a  26.2-tbot  stage  at  Memphis. 
The  top  of  this  wave  was  wholly  within  the  banks,  with  no  escape  from  outlets. 
For  the  maximnm  of  January  1,  where  there  was  a  small  discharge  through  bayous 
into  the  Saint  Francis,  a  stage  of  40.6  at  Cairo  and  39.5  at  Helena  gave  but  30.4  at 
Memphis. 

For  the  next  maximum,  January  31,  with  a  large  escape  into  the  Saint  Francis,  a 
stage  of  48.8  feet  at  Cairo,  and  46.7  feet,  ten  days  later,  at  Helena,  gave  but  35.3  feet 
at  Memphis. 

*  These  plates  have  not  been  published. 
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Frir  tlifi  higlivat  poitil  n 
and  uf  4T.1>  Irvt  iit  H<'1t.-ii:i 


RtaKe  or    Stage  of  A 


Calm.    :  HsIcdi 


if  thy  lion 
:^E.v...lm 
ler  for  a  cii 

,  ulioiit  F(- 
iiiuiou  dadi 

•r<i]ir.T  •■18,  n  orago  at !»  foot  at  Cairo, 
11,  wo  have,  therefore ; 

'-  M^rnf,?h!:. 

Uenn  Culro 

phiH. 
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Romarlia. 

UTS 
14:4 
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ail 

No  Hwaiup  dlRoharge,  fieplembar.  1881. 
No  nvamp  ilixcharge,  Novembcir,  18»1. 
No>.wnn.pdi»cliarg«: 

f^Dinll  BwHiDp  diactanree. 
Larcu  Bwamp  diuhargo. 

A  isurve  showiii);  thiH  rul 

The  coDimuu  dutuiu  of « _.         _ ,  _  . , 

imtl,  onil  that  for  Cairo  was  1V71.  It  in  probaliln  the  Commerce  Cut-off  aui)  other 
cbangeHHiiicethfxe  <lat<'a  tiave  cliangerl  the  low-wntor  olope  so  that  the  sanie  extreiuo 
low-water  sIokph  at  Cairo  uiiil  Ilflciin  woiiUI  give  u  stage  3  or  4  fert  lower  than  that 
of  WTH.  To  Hbow  ihiti  cliaogc  of  the  rcginicu  of  the  river  at  Meiiijihis,  relatively  to 
Caii-o  aiiA  Helniiu,  ninra  the  cut-off  at  Commeruo  in  May,  1674,  I  have  takou  a  aerii  b 
of  luaxiDium  iLtiil  luiuituuiii  stagt-H  at  tlii'He  three  [uintit  fur  IS73  ami  1674  : 


JaDnnry.  18T? 
DneKilH^ie 


ill 


Iff.  37     4^.82  1     47'.  1 


I  No  nwainp  discbargn. 


Tlit'Kii  are  plotti-d  »u  nuuie  Hht>et,  and  givi.'  a  cHrre  below  lino  of  overSon,  whcreoa 
Un'KtajrcHt  liken  in  1X'*\  and  1882HWmvd  to  give  a  titraight  tine  below  the,  Ht)c  of  over- 
flow. Tin-  inirveH  hIiow,  howevor,  that  for  a  given  stage  at  Cairo  and  Helena  tho 
Htago  nt  Jli'uiiihiH  haa  lowerr<l  nliont  2  feet  Kiuce  18T4.  It  will  I>e  noticiil  that  tli(> 
two  utirvi-H  rnnie  together  at  a  47  tu  AH  foot  Btago  at  Cairo  and  Helena.  Thia  ntagn 
gireH  a  geiii>ral  overflow  of  the  Saint  Kranvia  hottonin,  which  acta  as  an  eiiiialixer  on 
the  slope  frouiCuini  to  Helena,  anil  therefore  the  CoiamercoCiit-off  does  not  affect  it. 

Il.v  eontinning  tho  curve  above  the  point  of  overflow,  with  the  Hanie  bearing  aa  it 
IniK  below  Ihie  point,  wo  get  the  eiStet  of  the  overflow  into  the  Saint  FranciH  In  An- 
preiiHiug  the  rivur  aiirlaee  at  MemphiH. 

AecoTiting  to  tUirt  tlio  river  wan  3,3  feet  lower  at  Memphis  than  it  wonld  have  been 
if  no  water  had  eseapiil  into  tlie  Saint  Franeis.  Tliin,  however,  in  for  a  mean  stage 
at  Cairo  and  Helena  of  .W  fi.'el.  If  the  water  had  been  winfined  to  the  cliannvl  from 
Cairo  lo  Hi'Iena,  the  Hlogo  wonld  have  Ihhiii  luiieh  higber  at  oaeh  point,  and  oacb 
alxnit  the  Nauie  height,  and  the  utago  nt  Memphis  correHpondiugl^'  increaaed.  Tbi« 
Hliunld  1«'  Kindied  in  conneetion  with  other  gungi's  liutweon  Cairo  and  Helena.  I 
have  not  had  lime  to  piirnne  this  snbji'ct  farther. 

Ah  lo  the  Houi'eeM  of  the  lloo<l,  the  ciirv<-s  plottifl  nhow  that  it  must  have  biten  from 
the  Ohio,  While,  nud  ArkanhiiH,  toj;ulher  with  Iho  Saint  Francin  and  Yaxoo.  Tho 
dtage  at  Kaint  LontH  wna  very  low  nntil  Fehmary  11>,  when  it  ruHii  Hi  feet  in  tw» 
duj-B — a  rim-  wholly  nniin-i't^lented,  I  believe,  for  tliis  loeality.  It  wont  down  iiume- 
dialely,  however,  and  ilid  not  eimtrihnte  nini'li  to  the  flood,  Tlie  White  and  Arkauaaa 
rlveraroM-at  IheHanii;  titno  from  an  f*-foot  »ta''e  to  a  31  aniI2i>  foot  stage  i-eapectively, 
TCitchiug  thuii-  maximum  diiiehargit  about  FelH'uary  26.  Tliese  latter  were  the  direct 
causoof  thebn-akingof  the  leveex  in  thu  vioiuitv  of  their  nioiitlmand  betow.fbrthe 
seeonil  Helena  rise  did  not  reaeti  tliat  lo<-ality  till  alx>nl  ten  days  later.  Most  all  the 
levei-H  in  this  vieinliv  l>nike  Feliruarv  Uf  and  Moreh  1,  whuieas  the  second  Helenii 
rise  did  not  arrive  lill  Marth  .'.  tu  e. 
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I  have  not  iuvestiajated  for  the  sources  of  the  flood  above  Cairo  on  the  Ohio. 

The-  etlects  of  the  larjjjc  breaks  on  the  Yazoo  trout  are  very  marked  on  the  gauge 
curves,  both  above  and  below.  The  break  at  Riverton  occurred  March  1,  and  that  at 
Bolivar  February  28 ;  the  former  between  the  mouths  of  White  and  Arkansas,  and  the 
latter  20  miles  farther  down.  The  fall  on  the  Arkansas  City  gauge,  30  miles  below^ 
Bolivar,  on  March  1  was  1  foot,  and  the  gauge  at  the  mouth  of  White  River  0.4  foot, 
where  each  had  been  rising  0.2  per  day.  This  was  \vholly  due  to  the  two  Bolivar 
breaks.  These  breaks  are  almost  exactly  midway  between  these  two  gauges.  The 
etiect  on  the  lower  gauge  was  three  times  as  much  as  that  on  the  upper  gauge.  (See 
gauge  curves,  Plate  I.)  There  were  no  other  breaks  on  that  day  below  White  River 
except  on  Catfish  Point,  a  series  of  small  breaks,  discharging  only  about  10,000  cubic 
feet.  The  break  at  Mound  Place  had  occurred  February  19,  so  it  does  not  enter  as  a 
new  cause  on  the  2Hth  to  March  1.  The  Bolivar  breaks,  therefore,  seem  to  be  alone 
responsible  for  these  two  sudden  changes  of  stage,  with  the  above  result.  The  total 
fall  in  five  days,  February  28  to  March  4,  at  Arkansas'City  was  1.(5  t'eeij  while  at  mouth 
of  WhiU*  River  it  was  but  0.9  foot^  and  this  with  the  Riverton  break,  3  miles  below 
White  River,  discharging  about  100,000  cubic  feet,  which  broke  March  1. 

The  reascm  of  this  is  probably,  that  at  White  River  the  Arkansas  swamps  were,  at 
this  slage,  a  part  of  the  river  reservoir,  and  a  given  outlet  would  not  lower  the  river 
ho  much  as  it  would  at  Arkansas  City,  where  the  channel  limits  were  well  defined. 

Anotherwel!  marked  ca^e  is  in  the  Point  Lookout,  Lake  Providence,  and  Vicks- 
bur«j  curves,  on  March  21,  where  the  sudden  fall  is  the  result  of  the  Alsatia  breaks 
on  tne  Louisiana  side  at  4  a.  m.  of  that  dav.  I  visited  these  breaks  at  10  a.  m.  on  the 
2lst,  and  1  estimated  then  that  there  was  a  mile  of  levee  gone.  This  levee  was  built  in 
the  summer  of  1881,  the  upper  portion  being  about  15  feet  high,  but  on  the  night  of 
the  20th  the  water  had  gone  over  the  whole  of  it,  and  would  have  washed  the  levee 
out  for  many  miles  had  not  the  breaks  relieved  it.  At  10  a.  m.  the  river  had  fallen  2 
ft'ct  at  the  levee,  which  was  about  a  quarter  of  a  mile  or  less  from  the  river  bank, 
and  no  obstructions  intervening.  The  depth  of  water  in  front  of  the  ujjper  breaks 
w;is  14  feet.  The  velocity  through  these  breaks,  as  the  water  approached  the  lino  of 
tln^  levee,  was  about  10  feet  per  second.  The  fall  through  the  levee  was  7  feet.  1 
lonhl  not  make  any  very  accurate  observations,  as  it  was  dangerous  to  go  near  them 
in  a  skirt".     I  walked  down  the  levee  to  the  first  one  and  got  these  estimates: 

The  discharge,  however,  was  about  100,000 cubic  feet  per  second  ;  the  fall  at  Point 
Lookout,  10  miles  above,  was  l.C  feet  in  one  day  ;  at  Lake  Providence,  21  miles  above, 
it  was  1  foot  in  one  day;  at  Vicksburg,  40  miles  below,  the  fall  was  0.5  foot  in  one 
day;  at  all  the.se  ])oint8  the  river  had  been  rising  uniformly  about  0.1  foot  per  <lay. 
(8ee  curves,  Plate  1.) 

It  is  unfortunate  that  none  of  these  large  breaks  occurred  in  the  near  vicinity  of  an 
observation  party.  As  it  is,  no  data  has  been  obtained  bearing  directly  on  the  check- 
ing of  the  curn  nt  and  corresponding  shoaling  up  below  a  large  outlet.  The  breaks 
at  Riverton  and  Bolivar  and  those  in  Thompson  Bend,  below  Als.atia,  furnish  the 
finest  opportunities  for  such  investigations,  above  Vicksburg. 

The  surveys  made  last  winter  could  hardly  be  taken  as  the  status  just  previous  to 
the  breaks,  for  the  long  continued  high  water  had  doubtless  materially  changed  the 
river-bed  at  most  all  points,  since  the  soundings  were  taken.  The  results  of  theob- 
h«*r\'ation  parties,  however,  should  be  studied  in  this  connection. 

HEIGHT  OF  FLOOD  FOR  A  CONFINED  CHANNEL. 

From  a  careful  study  of  the  plotted  gauge  curves  (Plates  I  and  II),  one  can  form 
some  idea  of  the  probable  height  of  the  Hood  if  it  had  been  confined  by  levees  from 
Cairo  down.  It  is  seen  from  Plato  II,  Fig.  I,  that  the  November-December  rise,  which 
came  nearly  to  the  top  of  the  bank,  passed  from  Cairo  to  Vicksburg,  with  slight  ad- 
dition of  volume  from  White  and  Arkansas  rivers,  and  a  corresponding  additional 
stage  of  1  to  2  feet  below  these  rivers.  Using  this  wave  as  an  argument,  we  may  say 
that  a  higher  wave,  had  it  been  equally  confined  and  correspondingly  increased  from 
the  White  and  Arkansas,  as  this  flood  was,  it  would  have  followed  the  same  course. 

Assuming  that  a  confinect  channel  at  Cairo  would  have  raised  the  river  there  3  feet, 
which  is  mimphreys  and  Abbot's  estimate,  we  may  use  the  stage  of  55  feet  as  our 
initial  wave  and  now  follow  its  course  down  the  river.  When  we  consider  that  this 
tloo<l  was  largely  increased  at  maximum  stage  by  the  local  rainfall  below  Cairo,  we 
may  say  that  the  natural  drainage  of  the  Saint  Francis  would  have  made  at  least  as 
high  a  stage  at  Helena  as  at  Cairo.  This  would  raise  the  water  at  Helena  from  a  47  to 
a  55  foot  stage — an  increase  of  8  feet. 

From  the  curve  on  Plate  II,  Fig.  2,  showing  relation  of  Memphis  stage  to  Cairo  and 
Helena,  we  would  have  a  stage  12  feet  less  at  Memphis  or  a  4)Moot  stage,  which  would 
be  an  increase  over  this  flood  of  7  feet. 

Fiom  tho  gauge  curves  for  White  and  Arkansas  rivers,  Plate  I,  we  see  that  a  large 
volume  of  water  w^aa  added  to  the  Mississippi  at  the  height  of  the  flood.     The  No- 
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vember  rise  of  ^  feet  in  the  Arkansas,  Plate  I,  cansed  the  NoTember  rise  at  month  of 
White  River  to  he  2  feet  higlier  than  at  Helena.  The  great  rises  of  17  and  24  feet  in 
the  Arkansas  and  White  rivers  respectively,  at  the  top  of  the  flood,  would,  I  think, 
have  raised  the  river  there  at  least  3  feet.  Allowing  for  a  flattening  ont  of  the  flood 
wave  of  1  foot  from  Helena  down  to  White  River,  we  wonld  have  a  &7-foot  stage  here, 
where  there  was  hut  a  48-foot,  an  increase,  therefore,  of  9  feet. 

The  Yazoo  natural  discharge  would  have  again  added  to  the  flood  at  nearly  its 
maximuui,  and  therefore  probably  kept  the  stage  up  to  57  feet  at  that  point,  making 
an  increase  there  of  7  feet.  It  will  he  seen  the  December  rise  was  nearly  the  same  at 
White  River  and  Vicksburg.  At  Lake  Providence,  the  top  of  the  December  rise  was 
3  feet  below  that  at  White  River  and  Vicksburg.  If  we  say  it  would  have  been  four 
feet  lower  for  the  highest  flood,  it  would  have  given  a  53-foot  stage,  whereas  the 
highest  stage  reached  wafe  42  feet,  an  increase,  therefore,  of  11  feet. 

J'rom  this  line  of  argument,  therefore,  I  conclude,  that  the  probable  increased  height 
of  this  flood  for  the  Yazoo  Front  for  a  river  completely  leveed  below  Cairo,  would  be 
something  about  as  follows :  Memphis,  7  feet ;  Helena,  8  feet ;  mouth  of  Wnite  River, 
9  feet ;  Arkansas  City,  9  feet ;  Lake  Providence,  11  feet ;  Vicksburg,  7  feet. 

All  this,  it  must  be  rememl)ered,  is  for  an  assumed  stage  of  55  ^t  at  Cairo  and  a 
ctmtincd  channel  from  there  down.  My  impression  is,  however,  that  for  a  confined 
river  at  Cairo,  the  increased  rise  for  this  flood  would  have  been  greater  than  3  feet. 
It  is  of  course  very  probable  that  these  excessive  stages  would  gradually  be  diminished 
as  successive  floods  which  ordinarily  caused  general  overflow,  were  confined  to  the 
channel,  thereby  increasing,  in  the  course  of  ^ears,  the  discharging  capacity  of  the 
river. 

It  is  also  well  known  that  if  the  river  had  been  confined  below  Cairo  the  front  part 
of  the  llood-wave  would  have  been  safely  transported  to  the  Gulf,  instead  of  being  im- 
pounded in  the  swamps,  to  be  poured  back  into  the  channel  at  the  highest  stage.  The 
discharge  per  second  would  in  this  case  not  have  reached  the  proportions  attained 
this  year.  But  if  the  Yazoo  and  the  Tensas  bottoms  should  be  leveed  out  and  the 
Saint  Francis  left  open  for  a  long  high  stage  at  Cairo  the  effect  would  bo  the  same  as 
it  was  in  this  flood,  and  the  volume  of  water  escaping  from  the  river  channel  per  sec- 
ond into  the  Yazoo  and  Tensas  bottoms  should  be  added  to  what  passed  in  the  channel 
to  lind  th(.'  amount  the  channel  would  have  carried  per  second  if  no  water  had  escaped, 
allowance  being  made  for  an  increased  velocity  for  a  higher  stage. 

The  results  obtained  by  the  observation  parties  at  Columbus,  Helena,  Lake  Provi- 
dence, and  Red  River  should  furnish  data  which,  when  combined  with  the  flood  dis- 
charge which  has  passed  by  these  stations,  would  enable  one  to  reach  this  subject 
from  another  direction. 
The  observation  party  will  determine  : 

(1)  The  area  of  cross-section  at  maximum  stage ;  (2)  the  mean  velocity  at  maximum 
stage ;  (3)  the  increment  of  mean  velocity  for  each  foot  rise;  (4)  the  rate  of  scour  on 
section  for  each  foot  rise. 
Knowing  the  area  and  mean  velocity,  we,  of  course,  have  the  discharge.    Then,  if — 

A=area  of  cross-section  at  maximum  stage ; 

r=mean  velocity  at  maximum  stage ; 

Q==discharge  in  cubic  feet  per  second  at  maximum  stage; 

A'=new  area  of  cross-section  for  confined  channel ; 

r'=mean  velocity  for  confined  channel ; 

Q'=cliscbargo  for  confined  channel ; 

u'— width  ot  section  for  confined  channel ; 

«=increme-nt  of  mean  velocity  per  foot  rise ; 

r=rate  of  scour  on  section  per  jfoot  rise  in  square  feet  j 

A/<=additional  height  for  confined  channel, 
we  have — 

Q=At;  Q'=A't;'  t'=t?+iAfc  A'=A+A*«H-*r. 

Therefore, 

Q'=Ar'=(A-f wAA-f rA^i)  (v-\-iAh)  =Av-\'VwAh-\-vrAh-{-AiAh+iwAh'{'frAh*. 

But  Ai7=Q.  Transposing  the  terms  in  Ah  and  dividing  by  the  coefficient  of  Ah^, 
we  have — 


A  la  .    A  ^ /^ H^ -h r) 4- A%\      .      , 
AK^A-Ahl  -^-rr—r-\ —  )  =  iw-h 
■^        \       i(W'\-r)     J  • 


Q'-Q 
tr 


From  which  we  get — 
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In  which  the  only  iiuknowu  quantities  are  Q'  and  Ah.  If  the  swamp  discharge  past 
the  station,  or  rather  the  amount  escaping  from  the  river  above  the  station,  is  approx- 
imately known,  this  is  the  Q' — Q ;  and  A  h  becomes  known. 

The  only  data  available  now  for  huch  a  computation  of  this  flood  are  those  obtained 
at  Red  River  Landing,  and  here  we  have  but  the  tield  computations.  Taking  these, 
however,  and  applying  this  formula  to  the  facts  found  there,  we  can  at  least  indicate 
a  method  which,  I  think,  may  bo  found  of  some  importance. 

To  fiml  the  rate  of  scour  on  the  section  there  has  been  subtracted  from  the  daily 
observed  areas  the  area  due  to  increased  stage,  and  the  remainder  gave  the  daily  scour. 
The  continued  summation  of  these  <|nantities  from  December  10  to  March  31  gave  the 
total  scour  from  the  initial  date,  which  was  plotted  in  connection  with  the  gauge  read- 
ing on  Plate  IV,  Fig.  3.  The  rate  of  scour  seems  to  change  with  the  stage,  so  the 
DieaH  line  is  evidently  a  curve.  Atsuming,  however,  that  the  rate  remains  constant 
above  45/eet,  and  drawing  a  tangent  to  the  curve  at  this  upper  portion  (see  red 
dotted  line  on  sheet),  we  obtain  the  probable  rate  of  scour  for  this  stage  of  the  river. 
This  is  2,300  square  leet  per  foot  rise.  The  rate  of  increase  of  mean  velocity  was  ob- 
tained in  a  similar  manner,  and  was  found  to  be  0.1015  foot  per  foot  rise.  The  maxi- 
mum discharge  was  1,600,000  cubic  feet  per  second.  1  think  that  the  entire  discharge 
across  the  latitude  of  Reel  River  was  about  2,200,000  cubic  feet. 

The  area  of  cross-section  at  maximuui  discharge  was  235,:j60  square  feet ;  the  width 
was  3,900  feet ;  the  stage  was  4H.32  feet ;  the  mean  velocity  was  0.78  feet  per  second. 
We  have,  then,  for  Red  River  Landing — 

Q  =  1,000,000;  Q'=  2,200,000;  A=235,:^0;  i'  =  6.78  feet;  w  =  3,900  feet; 
k  =  48.32  feet ;  t  =  0. 1  foot ;  r  =  2,300  stpiare  feet. 

From  which,  acconling  to  the  above  formula — 

A /i  =  6.5  feet. 

This  is  for  a  confined  channel,  with  the  Atchafalaya  closed,  and  the  most  uncertain 
element  in  the  problem  is  whether  or  not  the  scour  would  have  continued  at  the  same 
rate  for  this  increa.*ie  of  stage.  If  the  rate  of  scour  should  increase  with  a  higher 
stage,  the  increase  of  flood  height  here  would  be  less  than  8.5  feet.  If  the  rate 
should  continut;  as  it  is  here  used,  the  total  increase  of  scour  for  this  additional  8.5-feet 
n.se  would  be  8.5  X  2,333  =  19,830  sq.  feet.  The  width  being  3,900  feet,  this  would 
give  a  scour  over  the  entire  cross-section  of  about  six  feet.  It  is  probable,  however, 
that  the  scour  would  not  extend  ov(U'  more  than  3,000  feet,  which  would  give  a  scour 
of  6.6  feet.  The  increased  velocity  would  be  6'.78-f  (8.5  X  0.1)  =  7'.63  per  second 
=  ,5.23  miles  per  hour. 

ITie  result,  therefore,  of  turning  all  the  river  down  the  Mississippi  below  Red  River, 
and  confining  it  to  the  channel,  would  appear  to  have  been  for  this  flood : 

An  inerea.se  of  stage  of  8.5  feet;  a  scour  of  bed  of  6.6  feet;  an  increase  of  mean 
velocity  of  0.85  feet. 

Such  a  line  of  argument  could  evidently  be  followed  at  every  point  where  an  ob- 
servation party  has  been  located. 

Most  of  the  results  given  in  the  latter  part  of  this  report  are  only  supposed  to  be 
approxinuite,  and  are  given  rather  as  indicating  a  method  of  approaching  some  prob- 
lems than  as  furnishing  their  solution. 

The  total  discharge  of  2,200,000  cubic  feet  per  sec(md  at  Red  River  is  only  assumed 
OH  an  extreme  limit,  and  is  probably  much  larger  than  would  have  been  found  at  any 
locality  for  this  flood  for  a  confined  channel.  It  was  only  taken  to  show  what  the 
argument  would  lead  to  for  a  very  extreme  case. 

vVithout  entering  into  any  discussion  of  the  (question,  I  wish  here  to  state  that  my 
judgment  is  that  the  most  etficient  means  of  passing  a  large  flood  from  Cairo  to  the 
Gulf,  with  a  minimum  stage,  is  by  means  of  cut-ofifs,  judiciously  made.  I  think  it  is 
a  mistake  to  say  that  the  result  of  a  cut-oflt'  is  to  raise  the  stage  of  water  below.  Af- 
ter the  first  rush  of  water,  which  gives  an  increased  discharge  below,  I  see  no  reason 
whf'  the  stage  below  should  be  raised.  I  think  experiments  might  be  made  on  a 
small  scale,  which  would  throw  considerable  light  on  this  question. 
Very  respectfully,  your  obedient  servant, 

J.  B.  Johnson, 
United  States  Assistant  Engineer. 

First  Lieut.  Smith  S.  Leach, 

Secretary  Mississippi  River  Commission. 
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2. — Saint  Francis  front,  for  the  flood  of  1882. 
(By  Hunter  Stewart,  United  States  Asbistant  Engineer.) 

Saint  Louis,  Mo.,  July  25, 1882. 

Sir  :  I  have  the  honor  to  submit  herewith  my  report  on  the  examination  of  the  in- 
undation of  the  Saint  Francis  front,  made  in  accordance  with  yonr  instructions  ol 
March  7,  1882. 

Very  respectfully,  your  obedient  servant, 

Hunter  Stewart, 
United  States  Assistant  Engineer, 
First  Lieut.  Smith  S.  Leach, 

Secretary  Mississippi  River  Commission  j 

2fo,  2828  Washingt<tn  avetincj  Saint  LouiSy  Mo, 


JOURNAL. 

The  party  left  Saint  Louis  at  2  p.  m.,  on  March  7,  1882.  on  board  of  the  streamer 
R.  J.  Wheeler,  which  had  been  assigned  to  them.  Commerce,  Mo.,  the  upper  limit  of 
the  front  of  the  Mississipju  River  that  is  tributary  to  the  Saint  Francis  Bottom,  was 
passed  at  12.30  p.  m.  on  March  8.  Tbe  banks  of  the  river  between  Connnerce  and 
Dog -Tooth  Island  were  either  altogether  out  of  water  or  barely  covered.  When  the 
Missouri  Sister  Island  was  reached  some  overflow  wjis  found,  but  the  water  of  the 
same  was  slack.  The  current  in  the  Mi88i8sipj)i  River  itself  slackened  considerably 
as  Cairo  was  approached.  Some  twelve  examinatioas  were  made  in  the  12  miles 
between  Abie's  Point  and  Cairo,  but  no  current  of  any  importance  was  found,  the 
little  that  there  was,  6  to  8  feet  per  minute,  being  generally  either  parallel  with  or 
towards  the  river.  Cairo  was  reached  on  the  evening  of  the  8tb.  On  the  morning 
of  the  9th  we  left  Cairo  at  7.30  a.  m.,  proceeding  down  the  river.  The  bank  of  Bird's 
Point  was  exposed.  We  went  as  far  as  Norfolk,  Mo.,  finding  but  slight  current,  and 
that  was  generally  in  the  direction  of  the  river.  At  10  a.  m.,  the  raiii  having  ceased, 
the  wind  rose  and  became  so  high  as  to  allect  the  surface  velocity  to  such  an  extent  as 
to  render  the  indications  of  the  log  unreliable.  The  storm  continuing  all  day  no 
more  work  was  done.  On  March  10  the  ri<^ht  bank  was  examined  from  Norfolk,  Mo. 
to  Point  Pleasant,  Mo.  The  New  Madrid  Ridge  was  uncovered,  although  it  had  been 
submerged,  and  a  great  amount  of  water  was  returning  to  the  river  between  it  and 
Donaldson's  Point. 

On  March  11  the  right  bank  Avas  examined  from  Point  Pleasant  to  Daniel's  Point, 
the  greater  part  of  this  stretch  being  submerged,  and  on  the  loft  bank  current  obser- 
vations were  made  at  the  mouths  of  the  Obion,  the  Upper  and  Lower  Forked-Deer 
rivers. 

March  12.  In  the  morning  the  right  bank  was  examined  from  Daniel's  Point  to 
Osceola,  Ark.;  arrived  at  Plum  Point  at  8.30  a.  m. ;  left  at  2.30  p.  m. ;  the  steamer 
R.  J.  Wheeler  having  been  used  during  this  interval  in  getting  ready  the  outfit  for 
the  reconnaissance  of  the  Saint  Francis  Bottom  by  Assistant  Engineer  E.  S.  Davis, 
•who  had  come  aboard  at  Cairo.  During  the  afternoon  of  the  12th  the  right  bank  was 
examined  from  Osceola  to  the  upper  portion  of  the  bend  of  Island  No.  35. 

March  13.  The  right  bank  was  followed  closely,  through  the  bend  of  Island  No.  35, 
McGavock's  Chute,  the  bend  of  Island  No.  J57,  Devil's  Elbow  Bend,  Fogleman's  Chute, 
Beef  Island  Bend,  Redman's  Point,  up  the  chute  of  the  Chicken  Island,  back  again, 
and  thence  to  Hopefield.  Memphis  was  reached  at  1.30  p.  m. ;  instructions  were  tele- 
graphed for,  and  reply  arrived  at  9  p.  m. 

March  14.  The  right  bank  was  examined  from  Hopefield  to  the  lower  end  of  Com- 
merce Cut-off,  including  Council  Bend. 

March  15.  The  right  oank  was  examined  from  Commerce  Cut-off  to  the  upper  end 
of  Saint  Francis  Island.  I  proceeded  thence  to  Helena,  and  telegraphed  for  inst  ruc- 
tions ;  returned  to  the  upper  end  of  Saint  Francis  Island,  examined  the  bank  on  the 
np-tiip,  finished  reconnaissance,  and  returned  to  Helena. 

THK  MODE   OF   OBSERVING. 

The  steamer  kept  as  close  to  the  right  bank  of  the  river  as  the  nature  of  the  shore 
would  permit.  Observations  were  made  in  a  skift",  which  had  to  be  carried  aboard  in 
order  to  prevent  its  swamping.  When  it  had  been  decided  to  take  an  observation  the 
steamer  would  slacken  speed  and  reverse  her  engines,  the  skiff  would  be  launched,  and 
the  observing  party  push  out  to  the  shore.    When  this  was  reached  the  skiff  was  made 
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fast,  a  8ouD(liD|r  taken,  aud  tbo  surface  velocity  iiieasared  by  means  of  the  log,  aud 
its  directiou  with  a  ])ri8matic  compass.  The  skift'  was  then  cast  loose  and  rowed  some 
distance  over  the  bank,  the  leadsman  lakin;;  soundings,  and  if  any  marked  change  in 
depth  was  found,  a  greater  distance  would  bo  sounded  and  the  mean  of  the  soundings 
recorded.  The  steamer  in  the  meanwhile  wouUl  stem  the  current  with  her  head  down- 
stream, or,  if  that  were  impoKsibUi  on  account  of  the  wind  or  the  great  velocity  of  the 
current,  she  would  round-to  after  the  skift'  was  launched  and  would  again  round-to 
Avheu  the  latter  put  out  from  shore,  so  as  to  be  ready  to  proceed  down-stream  as  soon 
as  the  skilf  was  hauled  aboard. 

Whenever  the  lianks  were  submerged  for  a  great  distance,  which  was  generally  the 
case,  aud  they  could  be  seen  from  the  boat,  an  observation  would  be  made  after  a  five 
minutes'  run,  that  being  the  estinuited  length  of  time  required  for  the  Wheeler  to  go 
a  mile  down-stream.  This  would  sometimes  be  varied  by  the  observer  watching  from 
aboard  the  steamer  the  direction  and  velocity  of  the  current  over  the  bank  as  shown 
by  the  break  of  tlic  water  against  the  timber,  and  selecting  localitiiw*  for  obs(>rvatiou 
where  it  appeared  to  him  to  be  a  mean  for  a  given  stret<;h;  he  eMimating  what  i>ro- 
portion  of  the  distance  between  two  observations  Hhould  be  applied  to  each. 

Whert^  Huhmerged  and  exposed  banks  alternated,  the  depth  and  yelocit3*  of  the  sur- 
face water  wouhl  be  measured  as  above,  the  length  of  the  overflowed  bank  would  be 
estimated,  and  the  locration  of  the  point  of  observation  and  limits  of  overflow  noted, 
thediHtauees  b<'iiig  afterwards  taken  otf  of  the  detail  charts  in  tliQ  oflice. 

In  the  east*  of  open  streams  a  cross-section  would  be  sounded,  the  soundings  lM?ing 
placed  approximately  Cipiidistant,  and  the  surface  velocity  measured,  where  iwssible; 
otherwise  it  wouhl  be  estimated. 

The  locality  of  the  observation  was  in  every  instance  noted,  and  as  soon  as  the  oIh 
server  returned  to  the  sti'amer,  plotted  as  closely  as  possible  from  the  information 
given  by  the  i>ilots  and  the  ehaia<ter  <»f  the  topography — Major  Suter's  reconnaissance 
was  useil  between  Cairo  and  Mi'mjihis  and  between  C'ommerce  Cut-off  aud  Helena, 
and  General  Conistoek's  detail  charts  between  M<*inphisand  Commerce  Cut-off. 

The  river  bank  proper,  in  contradistintrtion  to  tht.  artificial  bank  or  levee,  was  ex- 
amined througlMMit,  and  no  eliort  was  made  to  follow  the  latter,  as  neither  a  greater 
nor  a  less  amount  of  water  than  the  n«'t  eseape  over  the  bank  could  get  into  the  back 
country.  It  is  evident  that,  providing  the  examination  of  the  movement  of  the  w^  at  er 
on  the  hank  was  corn'itly  and  accurately  made,  the  results  of  such  a  method  wonld 
be  the  same  as  those  ol»tained  from  a  eorreet  and  accurate  examination  of  the  line  of 
levees.  Kv»'n  sup])osing  that  theie  is  a  greater  prohability  of  error  in  the  former  than 
in  the  latter  UM'thod.  still  the  increased  accuracy  that  would  have  resulted  from  fol- 
lowing the  remnants  of  the  levees,  being  such  a  snnill  percentage  of  the  total  amount, 
would  not  hav<'  jnstilied  tin*  use  of  the  greater  length  of  time  that  would  have  been 
required. 

For  in  the  length  of  river  front  included  in  the  right  bank  between  Commerce,  Mo., 
and  Helena,  Ark.,  the  system  of  levees  is  very  imperfect,  the  percentage  of  unleveed 
bank  being  very  large,  and,  as  by  far  the  greater  part  of  the  total  amount  of  outflow 
and  intlow  occurs  over  the,  latter  i)ortion,  it  would  have  been  necessary  to  apply  to 
it  the  sanu»  metho<l  of  observation  as  was  used  over  the  entire  stretch.  Moreover, 
where  there  were  h^vees,  they  would  virtually  excludi?  a  corresponding  length  of 
river  front  from  the  computation,  cither  by  deflecting  the  current  of  the  overnow  so 
as  to  cause  its  direction  to  Ix'come  ])arallel  with  that  of  the  river,  or  by  checking  it 
so  as  to  render  the  intervening  water  slack. 

KEDUt'TION. 

As  the  examination  was  made  after  the  crest  of  tin*  flood-wave  had  passed,  the  dis- 
chaige  obtained  from  tluj  observafi<)ns  had  to  be  corrected  for  difference  of  stage  in 
order  to  estimate  the  discharge  at  the  maximum  ami  at  the  mean  flood  stage.  The 
data  obtaiuj'd  were  crude  in  their  nature,  aud  no  attempt  at  a  veryrettned  reduction 
of  them  has  been  made;  but  when  a  method  had  been  decided  upon,  it  was  rigor- 
ously carried  out  in  order  to  secure  accuracy  (»f  computation.  This  fact  will  account 
for  the  seemingly  unwarranted  exactness  of  the  tabulated  result-s. 

The  following  fonnuhe  were  used  in  computing  discharge: 

For  observation  stage — 

Q  =  V  X  WxSxC; 
wherein — 

Q  =  discharge. 
V  =:  surface*  velocity. 
W  =  width  of  cross-section. 
S  =  sounding. 

C  =coeflicient  (»f  redncticm,  winch  is  the  product  of  the  coefficient  to  con- 
vert surface  velocity  into  mean  velocity,  and  the  coefficient  to  ooirect 
cross-section  area  for  obstructions. 
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For  maximum  stage— 

Q  =  VX W  X  D  XC 
wherein — 

Vy  W,  and  C  are  the  same  as  above. 
D  =  computed  depth  at  highest  stage. 

For  mean  flood  stage — 

Q  =  V  X WXDXC 
wherein — 

V,  W,  aud  C  are  as  above. 

D  =  computed  depth  at  meau  flood  stage. 

The  reasons  for  usiug  the  above  elements  of  discharge  are  giveu  further  on. 

VELOCITY. 

Velocity  may  be  n?garded  ns  a  function  of  nlope  ami  mean  depth. 

1.  Regarded  as  a  function  of  slope. 

It  may  be  premised  that,  when  the  swamps  are  filled,  the  oscillation  of  the  river  is 
identical  with  that  of  the  escaping  water  in  its  ininiediate  vicinity  and  the  slope  re- 
mains constant. 

The  following  facts  may  be  quoted  in  substantiation  of  the  above  statement. 

The  high-water  reconnaissance  of  the  Saint  Francis  Basin,  March,  188*2,  by  Assist- 
ant Engineer  E.  S.  Davis,  shows  that  the  observed  water  snrface  and  the  surface  of  the 
highest  water,  as  given  by  high-water  marks,  were  sensibly  parallel. 

Observations  were  made  near  Commerce,  Miss.,  durini?  the  month  of  February,  lH8*<i, 
to  determine  the  amount  of  fall  in  the  river  that  would  be  necessary  to  uncover  a 
tract  of  submerged  land  which  was  separated  .from  the  river  by  a  strip  of  exposed 
land  and  a  levee — the  overflow  being  cansed  by  back-water  from  breaks  in  the  levee 
farther  down  the  river.  One  gauge  was  placed  in  front  of  the  levee  and  another  in 
the  overflowed  field  back  of  it,  and  the  latter  showed  are8i)oubive  and  almost  identi- 
cal change  with  the  former. 

Therefore,  in  so  far  as  velocity  is  the  result  of  8loj>e,  it  is  just  to  conclude  that  the 
velocity  of  the  water  escaping  over  the  banks  of  the  river  will  remain  nearly  con- 
stant after  the  movement  of  the  water  in  the  adjacent  swamp  has  reached  its  normal 
relation  with  the  river  ;  that  approximating  equilibrium. 

2.  Regarded  as  a  function  of  mean  depth. 

For  a  discharging  channel  an  increased  mean  depth  generally  produces  a  decreased 
ratio  of  friction  to  cross-section  area  and  a  resulting  greater  velocity  ;  but,  as  iu  the 
case  of  inundated  lands,  where  the  principal  cause  of  friction  is  the  obstructions  iu 
the  channel,  it  is  easy  to  conceive  of  circumstances,  such  as  the  flood  reaching  the 
branches  of  the  tinderbrush  or  of  the  timber,  where  the  ratio  would  increase  with 
the  meau  depth.  Therefore,  not  only  does  the  velocity  of  the  water  escaping  over 
the  banks  not  necessarily  increase,  but  it  may  diminish  with  an  increased  mean 
depth. 

Moreover,  if  to  the  measured  velocities  formulai  were  applied  which  had  been  de- 
duced from  data  obtained  under  conditions  varying  from  those  found  during  the  ex- 
amination, or  those  probable  at  a  higher  or  a  lower  stage,  the  only  result  that  could 
be  attained  would  be  tbe  certainty  of  a  large  probable  error  with  an  uncertain  sign. 

Considering  all  of  these  circumstances,  it  was  thought  that  more  accurate  results 
could  be  obtained,  in  calculating  the  discharge  for  highest  and  meau  stages  of  the 
flood,  by  using  those  velocities  measured  at  an  intermediate  stage  than  any  that 
could  be  obtamed  from  them  by  computation. 

Therefore  the  observed  velocities  were  used  in  all  discharge  calculations. 

• 

MEAN  DEPTH. 

1.  Observed  stage. — The  soundings  were  used. 

2.  Maximum  stage. — ^The  depth  obtained  by  sounding  has  to  be  increased  by  the 
difierence  between  the  stage  of  water  at  the  time  of  observing  and  the  highest  stage, 
in  order  to  obtain  a  depth  that  can  be  used  in  the  couiputation  of  the  discharge  for 
the  latter. 

The  most  accurate  method  of  attaining  the  above  would  have  been  to  have  meas- 
ured the  diflference  between  the  two  stages  at  every  point  of  observation,  provided 
reliable  high- water  marks  were  obtainable.  This  could  be  done  but  seldom,  owing 
to  the  iucUstinctness  of  the  marks  on  the  trees,  and  on  account  of  the  necessary 
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rapidity  of  tbe  work,  which  precluded  the  possibility  of  going  any  distance  to  get  a 
recorded  hij^h- water  mark.  As  the  accuracy  of  the  dineronces  measnred  were,  in 
most  cases,  coiisidere<l  (|uestional)le,  aud  as  the  number  of  reliable  ones  was  not  suf- 
ficient to  reduce  the  work,  this  method  was  discarded  and  recourse  taken  to  the 
gauge  records. 

Therefore,  the  increments  to  convert  soundings  to  mean  depth  at  bigh  water  were 
obtained  graphically,  by  using  the  records  at  the  gauge  stations.  The  distances 
along  the  river  were  plotted  as  horizontal  co-ordinates;  for  that  portion  between 
Cairo  and  Memphis,  those  given  on  the  charts  of  the  Mississippi  River  Commission 
were  used ;  and  for  the  i)ortion  between  Mem]>his  and  Helena,  those  on  the  charts  of 
Major  Suter's  reconnaissance;  the  diflereuce  between  the  meau  gauge  reading  for  the 
date  of  examination  aud  the  highest  gauge  reading,  at  each  station,  were  plotted  as 
vertical  coordinates;  and  the  resulting  points  were  connected  by  straight  fines — ^the 
ordinate,  corresponding  to  its  distance  Irom  Cairo,  giving  the  increment  for  any  in- 
termediate locality. 

This  method  is,  of  course,  open  to  the  objection  that  the  probable  oscillation  at  a 
])(»int  between  two  mc^asured  oscillations  is  not  necessarily  proportionate  to  the  dis- 
tance ;  but,  in  the  absence  of  a  better  one,  it  was  adopted  as  giving  a  snfiBciently 
close  approximation. 

:J.  M(an  Jlood  niage. — The  mean  Hood  stage  being  lower  than  the  observed  stage,  the 
depths  obtained  by  sounding  have  to  be  decreased  by  the  difference  between  the 
stages,  in  order  to  compute  the  discharge  at  the  former.  In  obtaining  this,  the  zero 
stage,  or  that  at  which  the  escape  of  water  from  the  river  would  practically  cease, 
was  determined  for  each  gauge  troni  the  depth  of  overflow  at  the  observed'  stage ; 
the  gauge  curve  was  plotted  for  the  time  that  the  river  was  continuously  above  this 
stage,  the  anui  of  the  included  surface  was  measuretl  with  the  planimeter  and  the 
mean  height  of  the  curve  determined.  This  height  added  to  the  reading  of  the  zero 
Hood  stage  gives  the  meau  flood  stage.  The  diff'erence  between  the  mean  gauge  read- 
ing at  the  examination  and  that  for  mean  flood  stage  at  each  station  were  plotted, 
and  the  decreuu'uts  which  were  to  be  apjHied  to  the  soundings  taken  at  the  former 
W(M'e  obtained  in  the  same  manner  as  were  tlu^  increments  for  maximum  stage. 

Thetx)ll(  -" -'  —     ''- "^^ '      '  ^ -• ^-'-~    " 

Columbus, 
Memphis,  "2^  feet. 

Gauge  readings,  increment  and  decrements: 


lowing  Jire  the  readings  of  the  zero  flood  stage  on  the  gauges :  Cairo,  41  feet; 
*, 9r>  feet;  New  Madrid,  37  feet;  Cottonwood  Point,  sSfoct;  Fulton,  32 feet ; 


CAIRO. 

Highest  stage,  FebruaryJG,  188*-i. 
Observ(*d  stage,  March  10,  lHc^2.. 
Mean  flood  stage 

Increment 

Decrement 


Feet. 

51.87 

47. 70 

46. 24 

4.  If 

1.46 


COLUMBUS. 


Highest,  stage,  February  26, 1882, 
Observed  stage,  Man-h  10,  18H2.. 


Mean  tloud  stage 
luen'meut. .. 
Decrement  .. 


102. 801 

100. 243 

99. 14 

2.  558 

1. 103 


Xi:W  MADRID. 


Highest  stage,  February  27, 1882.  47.  5 

Observed  st  age,  March'  10,  18vr2 . .  43. 7 

Mean  flood  stage 42. 2 

Increment 3. 8 

Decrement 1.5 

COTTONWOOD  POINT. 

Highest  st  age,  Fel  mvAvy  28,  1882 .  37. 5 

Observed  stage,  March'll,  1882. .  36. 3 

Mean  flood  stage 35. 62 

Increment 1.2 

Decrement 0. 65 


FULTON. 

Feet. 

Highest  stage,  March  1 ,  1882 36. 69 

Observed  stage,  March  12,  1882.. .  36. 04 

Mean  flood  stage 35. 15 

Increment 0.65 

Decrement 0. 89 


MEMPHIS. 

Highest  stage,  March  6  and  9, 1882. 
Observed  stage,  March  13,  1882. . . 
Mean  flood  stage 

Increment 

Decrement 


35.15 

34.70 

33.4 

0.45 

1.30 


MEMPHIS. 

Highest  stage,  March  6  to  9,  1882.  35. 15 

Ob.served  stage,  March  14, 1882. . .  34. 55 

Increment O.GO 

mhoon's  landing. 

Highest  stage,  March  9,  1882 40. 80 

Observed  stage,  March  15,  1882.. .  39.95 

Increment 0.85 

HELENA. 

(Mississi])])i  River  Commission  gauge.) 

Highest  stage,  March  8,  1682 47. 10 

Observed  stage,  March  15,  1882.. .  46.20 

Increment 0.-90 
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WIDTH  OP  CROSS-SECTION. 

The  width  of  the  cross-section,  or,  in  other  words,  the  length  of  river  front  which  is 
;o  be  applied  to  the  computed  mean  depth,  is,  to  a  great  extent^  a  question  of  personal 
observation  and  judgment. 

The  positions  of  the  observations  were  plotted  on  the  small  charts  and  the  distances 
vere  taken  from  the  detail  ones.  Whenever  there  were  no  indications  to  the  con- 
rary,  one-half  of  the  distance  between  three  consecutive  observations  was  applied  to 
he  middle  one  ;  otherwise  the  distances  were  adjusted  as  the  notes  or  the  memory  of 
he  observer  dictated. 

COEFFICIENTS. 

The  only  velocity  measured  being  that  of  the  surface,  a  reduction  to  mean  velocity 
8  necessary  in  order  to  obtain  true  discharge.  As  neither  the  time  nor  the  appliances 
rere  available  to  determine  the  relation  of  surface  velocity  to  the  curve  of  vertical 
elocities  for  discharge  taking  place  over  the  bank  of  the  river,  and  as  no  data  bear- 
Qg  upon  the  subject  were  procurable,  the  adoption  of  the  coefficients  had  to  be  de- 
ermined  arbitrarily.  The  acknowledged  tendency  towards  exaggeration,  in  calcu- 
Ekting  flood  discharge  from  meager  data,  was  the  one  known  fact  that  has  indicated 
he  use  of  as  small  a  coefficient  as  was  warranted  by  other  hydraulic  observations. 
Vith  this  in  view  the  following  coefficients  were  adopted : 

For  open  streams,  mean  velocity  =  surface  velocity  X  .8 

For  crevasses,  mean  velocity  =  surface  velocity  X  .72 

For  discharge  over  the  banks,  mean  velocity  =  surface  velocity  X  .72 

.72  being  Briining's  smallest  coefficient  for  open  channels). 

Coefficient  for  obstructions. — As  most  of  the  outflow  and  inflow  was  t.iking  place  over 
he  banks,  and  as  these  were  generally  covered  with  vegetation,  it  is  necessary  to 
nakc  a  correction  of  the  measured  cross-section  in  order  to  obtain  the  area  effective 
or  discharge. 

From  the  general  nature  of  the  bank,  varying  from  open  fields  to  a  thick  growth 
)f  young  cottonwoods,  and  in  view  of  the  large  reduction  made  in  calculating  rae«i 
velocity,  a  reduction  of  10  per  cent,  of  cross-section  area  appears  to  be  sufficiently 
arge. 

Effective  area  =  cross-section  area  X  .9. 

For  discharge  over  the  bank,  we  have — 

Q  =  V  X  .72  (D  X  W)  X  .9  =  VX  D  X  W  X  .648, 
jTf  discarding  the  last  decimal  in  favor  of  the  nearer  hondredth,  we  have — 

Q=VXDXWXC 
Inhere  C=.65. 

RESULTS. 

From  Commerce,  Mo.,  to  a  poiut  14  miles  below  Cairo,  there  was  no  escape  from  the 
river.  At  New  Madrid,  Mo.,  there  was  a  net  escape,  at  highest  stage,  of  86,000  and 
\t  observed  stage  of  20,000  cubic  feet  per  second  ;  at  mean  flood  stage  there  was  no 
escape.  These  figures  reveal  the  influence  of  the  New  Madrid  Ridge,  which  deflected 
the  overflow  water  and  caused  its  return  to  the  river,  and  which  was  in  ratio  to  its 
total,  partial,  or  non-submergence — most  of  the  return  flow  occurring  between  Don- 
Udson's  Point  and  New  Madrid. 

From  the  New  Madrid  Ridge  to  Helena  there  was  a  continuous  overflow,  with  the 
?xception  of  that  portion  of  the  old  bank  of  the  river  situated  between  the  foot  of 
Island  3.'>  and  Fogleman's  Chut^,  the  exposure  of  the  left  bank  in  this  locality  being, 
in  all  probability,  the  result  of  the  many  changes  which  have  occurred  in  the  river  in 
its  vicinity. 

A  point  opposite  Memphis,  Tenn.,  may  be  regarded  as  the  limit  of  supply  to  the 
Saint  Francis  Bottom,  as  a  study  of  the  curve  of  net  escape  shows  but  a  slight  oscilla- 
tion from  there  to  a  point  28  miles  below ;  at  this  latter  i>lace  the  return  flow  com- 
mences, and,  were  the  movements  over  points  omitted,  the  curve  would  show  a  con- 
tinuous decline. 

We  have  at  Helena :  At  maximum  stage,  a  virtual  balancing  of  outflow  and  inflow  ; 
it  the  observod  stage,  which  was  below  high  water,  3.8  feet  at  New  Madrid  and  0.9  feet 
It  Helena,  an  excess  of  return  flow  over  the  bank  of  150,000  cubic  feet  per  second,  to 
vrhich  50,000  cubic  feet  per  second,  at  the  least  estimate,  should  be  added  for  overflow 
water  carried  by  the  Saint  Francis  River,  showing  that,  at  the  time  that  the  examina- 
tion wa.s  made,  the  Saint  Francis  reservoir  was  being  emptied  at  the  rat-e  of  200,000 
cabic  feet  per  second. 


2598      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  IT.  S.  ARMY. 

AT  HIGHEST  STAGE. 

Cnbio  feet  per  second. 

Summation  of  outflow  aud  inflow 2, 440, 000 

Amount  of  overflow  to  be  returned  by  the  Saint  Francis  River 63, 000 

Total  movement 2,503,000 

Summation  of  outflow 1,251,000 

Maximum  net  escape  on  any  one  latitude 615, 000 

Saint  Francis  River : 

Estimated  discharge 115,000 

Supply  Irom  outflow  from  Mississippi  River 63, 000 

Supply  from  other  sources T 52,000 

Clasaifieation  of  outlets. 


Water  escaping  in  bends 

Water  returning  in  bonds 

Water  escaping  in  reaclMis  and  over  points  - 
Water  returning  in  reaches  and  over  points 


Cnbio  feet 
per  second. 


860.000 
833,000 
872,000 
420.000 


2. 485, 000 


Total  movement  for  bends ]    1, 69:i,  000 

Total  movement  for  points  and  reachoa !       702, 000 

Approximation  discrepancy 17, 000 


Total  movement 


2,502,000 


Percent. 


35 
33 
15 
17 


100 


Over  the  banks  of  bends 

Through  regular  channels 

Over  the  banks  of  points  and  reaches 

Totol 


Escape. 


Percent. 

69 

1 

80 


100 


Ketnm. 


Percent 
56 
10 
34 


100 


We  may  summarize  as  follows:  A  very  small  percentage  of  the  water  that  leaves 
the  river  passes  through  regular  water-courses;  most  of  the  water  that,  at  any  time, 
leaves  the  river  and  nearly  all  of  the  overflow  water  that  traverses  the  Saint  Francis 
Bottom,  escapes  from  the  Viver  in  bonds ;  a  major  part  of  the  return  occurs  over  the 
banks  in  bends ;  the  greater  part  of  the  escape  over  the  banks  of  points,  merely  crosses 
these  to  return  a  short  distance  below. 

There  are  three  causes — two  applying  to  velocity  and  one  to  depth — that  wonld  de- 
velop expectations  of  greater  escape  in  the  bends  than  in  other  portions  of  the  river 
front :  First,  on  account  of  the  converging  angle  formed  by  the  directions  of  the  bank 
of  the  bend  and  the  current  in  the  river,  Aid  a  consequent  conservation  of  momentum. 
Second,  on  ficcount  of  the  general  concavity  of  bends  and  the  resulting  proximity  of 
the  deep  channel  and  swift  velocity,  which  is  conducive  to  a  greater  initial  Telocity 
of  the  escaping  water.  Third,  on  account  of  the  relatively  Tower  elevation  of  the 
bank  in  bends  as  compared  with  other  divisions  of  the  river  front ;  for,  as  most  of  the 
bends  have  caving  banks,  the  bank-destroying  process  of  the  river  is  operative  thereat, 
and,  as  the  slope  of  the  land  is  generally  from  the  river,  the  height  of  the  banks  is 
being  constantly  reduced.  By  antithesis,  on  points  the  bank-building  process  is  gen- 
erally active,  and  the  river  front  is  of  normal  or  increasing  elevation.  We  find  as  a 
consequence  that  the  depth  of  overflow  is  greater  in  the  bends  than  at  other  localities. 

If  the  term  "  marked  depressions  in  the  bank"  be  confined  to  sloughs  and  bayons, 
then  a  very  small  percentage  of  the  outflow  or  of  the  inflow  occurs  therein  ;  bnt  if  the 
banks  of  bends  are  regarded  as  such,  which  they  may  very  properly  be  considered  in 
their  relation  to  other  portions  of  the  river  front,  then  they  are  the  channels  for  the 
greater  part  of  the  outflow  and  a  major  part  of  the  inflow  along  the  Saint  Francis 
Front. 
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MAXIM17M  DISCHARGE. 

In  order  to  estimate  the  entire  discharge  at  high  water  of  the  Mississippi  River  on 
different  latitudes  the  following  localities  were  selected :  Columbus,  Ky.,  Fulton, 
Tenn.,  and  Hampton  discharge  section  ;  and  estimates  made. 

COLUMBUS,   KENTUCKY. 

The  discharge  at  the  highest  stage,  February  26,  1882,  not  having  been  measured, 
the  following  estimate  has  been  made  from  the  data  obtained  by  Assistant  J.  H.  Davis, 
1881-^82. 

Maximum  gauge-reading,  February  26 feet...  102.801 

Gauge-reading,  February  22 do 101.301 

Increment do 1.5 

Maximnm  width,  February  28.. do 2,694 


Wat^r  area,  February  22 square  feet..       196,020 

Increment  to  water  area  (2,694  by  1,5) do 4,041 

Probable  water  area  on  February  26 do 200,061 


Maximum  mean  velocity,  March  1,  per  second feet . . .  8. 246 

Probable  discharge  on  February  36  (200,061  by  8.3)  per  second.cubic  feet.  1,660,  496 

FULTON,  TENNESSEE. 

The  discharge  data  obtained  by  Assistant  W.  H.  Powless,  1879-*80,  were  used,  as 
follows : 


Maximum  gauge-reading,  March  1,  1882 feet. . 

liow  water  of  1879,  reads  on  gauge do... 

High  water  1882  above  low  water  1879 do . . . 

Stage  March  24,  1880,  above  low  water  1879 do... 

Stage  March  1,  1882,  above  stage  March  24, 1880 do . . . 

Maximum  width  of  high  wat«r,  1880 do . . . 

'Water  area  March  24,  1880 square  feet. 

Increment  (2,615  by  2.55) do . . . 


36.69 
2.14 


34.55 
32.00 


2.55 
2, 615 


144, 270 
7,668 


Probable  water  area,  March  1,  1882 do 151,938 

V=:  0.204  (h— 21.8),  Powless. 

Where  V=  mean  velocity,  h  =  gauge-reading  above  low  water  of  1879  -f- 27.77  feet. 

March  1,  1882,  V  =  0.204  (6J.32— 21.8)  =8.27  feet  per  second. 

Ptobable  discharge  on  March  1, 1882  (151,938  by  8.27),  1,261,527  cubic  feet  per  second. 

HAMPTON. 

This  dischaVge-section  was  located  about  12  miles  below  Memphis,  and  just  below 
the  junction  of  the  bend  and  chute  of  President's  Island. 
The  data  used  are  those  obtained  from  the  observations  of  Prof.  H.  B.  Herr,  1879. 

High  water  of  1882,  Memphis  gauge '. feet...       35. 15 

Increment  for  oscillation  at  Hampton do 1. 72 

Probable  reading  on  Hampton  gauge  of  high  water  of  1882 do 36. 87 

St^ige  on  Hampton  gauge,  February  12,  1879 do 27. 00 

Increment do 9. 87 


Width  of  river do....       4,600 


Water  area,  Febniary  12,  1879 square  feet..  179,948 

Increment  (4,600  by  9.87) do....     45,402 

Probable  water  area  for  maximum  stage,  1882 225, 350 
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Using  fh«  formula  deduced  fpom  Professor  Heir's  observations,  by  Assistftnt  R.  £. 
McMath : 

V  =  .07;>5  A. 

Where  V  =  mean  velocity,  and  A  =  stage  on  Hampton  gauge  -f-  37.18,  we  have,  for 
high  water  of  1882 : 

V  =.0725  (36.87  +  37.18)  =  5.37  feet  per  second. 

The  probable  discharge  for  high  water  of  1882  is  (225,350  by  5.37)  1,210,130  cubic 
feet  per  second ;  hence,  we  get  for  flood  of  1882  : 

COLUMBUS,  KENTUCKY. 

Cnbio  feet  per  8eo<»uL 

Probable  maximum  discharge 1, 660, 000 

Escape  above 86,000 

Total 1,746,000 

FULTON,   TENNESSEE. 

Probable  maximum  discharge 1,261,000 

Escai)e  above 494,000 

Total 1,755,000 

HAMPTON. 

Probable  maximum  discharge 1,210,000 

Escape  above 599,000 

Total 1,809,000 

These  estimates  give  an  increaseof  discharge pf  9,000  cubic  feet  per  second  between 
ColnmbuH  and  Fulton,  and  63,000  cubic  feet  per*Becond  between  Columbus  and  Hamp- 
ton, which,  considering  the  character  of  the  work  done  on  the  Saint  Francis  Front, 
the  number  of  small  tributaries  on  the  left  bank  of  the  river  between  these  points, 
and  the  probable  error  in  estimating  the  discharge  of  the  river  proper,  may  be  re- 
garded as  a  very  close  agreenicnt. 

TOTAL  ESCAPE. 

In  order  to  form  a  conception  of  the  volume  of  water  that  traverses  the  Saint 
Francis  Bottom  during  the  time  of  Hood,  the  subjoined  estimate  has  been  made. 

The  right  bank  from  Commerce,  Mo.,  to  opposite  Memphis  has  been  regarded  as 
the  river  front  that  is  tributary  to  the  supply  of  the  Saint  Francis  Bottom,  for  al- 
though there  is  a  point  some  distance  below  Memphis  which  shows  a  greater  net 
escape,  this  is  due  to  the  fact  that  a  large  quantity  of  water  leaves  the  river  there  to 
return  in  a  short  distance,  and  it  cannot  properly  bo  regarded  as  supply. 

The  amount  of  escape  at  mean  Hood  stage  was  taken  as  the  mean  escape  for  the  con- 
tinuous Hood  period,  that  is,  the  number  of  consecutive  days  when  the  stage  was 
above  the  ilood  zero. 

Although  there  was  no  escape  above  New  Madrid  at  mean  flood  stage,  which  was 
duo,  in  all  iirobability,  to  the  deflection,  by  the  ridge,  of  all  of  the  overflow  water 
jind  its  rc.'turu  to  the  river,  still,  at  an  increaHcd  stage,  such  as  the  one  when  the  ex- 
auiiuation  was  made,  we  tind  a  net  escape  of  20,000  cubic  feet  i)er  second,  which  was 
probably  caused  by  a  portion  of  the  ridge  being  submerged  and  a  consequent  escape 
into  the  country  back  of  it;  and,  as  there  were  thirty-seven  days  during  which  the 
river  was  near,  at.  or  above  this  stage,  a  mean  discharge  of  30,000  cubic  leet  per  sec- 
ond has  l)een  assumed  at  this  period  of  time. 

Cubic  feet. 
Above  New  Madrid,  Mo.,  thirtv-seven  davs,  at  30,000  cubic  feet  per 

second ' ' 95,904,000,000 

Between  Now  Madrid  and  Fulton,  seventy-eight  days,  at  154,000 

cubic  tVtt  prrsttond '. *. 1,037,837,000,000 

Betwefii  Fulton  and  Meiui)his,  oighty-eiglit  davs,  at  07,000  cubic 

feet  per  si-cond.. .' ^ 509,414,000,000 

Total  escape 1,643,155,000,000 

This  amount  of  water  is  e(|nal  to  l;").?  <lays'  discharge,  of  the  river  at  Hampton,  esti- 
mating its  capacity  as  1,21U,(KK)  culuc  feet  per  second;  or  10.5  days  at  1,800,000  cubic 
foot  per  second. 
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3. — WUITK  KIVKH  AND  TKNSA8  FKONTS.  AND  ARIZONA  AND  LANDRY  CRKVAS8ES,  FLOOD 

OF  I88rJ. 

(Obsen'atioiis  by  J.  B.  Jolmsoii  aud  Hunter  Stewart,  United  States  AHsistant  £ngi« 

neera. ) 

(Report  by  Hunter  Stewart,  United  States  Assistant  Engineer.) 

Offick  of  Mississippi  Kivkr  Commission, 

Saint  Louis  J  Mo.y  April  17,  1883. 

Sir:  I  have  the  honor  to  submit,  herewith  inclosed,  a  report  upon  the  reconnais- 
nance,  during  the  tiood  of  I8H2,  of  that  portion  of  the  right  bank  of  the  Mississippi 
River  situated  between  Helena,  Ark.,  and  the  mouth  of  Cypress  Creek;  upon  the 
high  water  examination  of  the  Tensas  Front,  for  the  flood  of  18ti2,  and  upon  the  ex- 
amination of  the  right  bank  from  Red  River  to  Donaldsonville  during  the  same  flood. 
Very  respectfully,  your  obedient  servant, 


First  Lieut.  Smith  S.  Leach, 

Secretary  Miasiesippi  Biver  Commission, 


HiTNTER  Stewart, 
United  States  Assistant  Engineer, 


REPORT. 
white  river  bottom. 

The  steam-tug  Frolic  was  detailed  for  this  service. 

The  engineer  force  consisted  of  J.  B.  Johnson  and  Hunter  Stewart,  United  States 
assistant  engineers. 

The  methods  of  making  observations  and  of  estimating  the  discharge  were  similar 
to  those  used  by  Messrs.  Johnson  and  Stewart  in  their  examinations  of  the  Yazoo  and 
Saint  Francis  fronts,  lespectively,  for  the  flood  of  1882,  and  are  described  in  their 
reports  respecting  the  same. 

The  bottoms  situated  back,  or  west,  of  the  section  of  the  Mississippi  River  under 
consideration  may  be  divided  into  three  sections  or  basins : 

(1.)  The  White  River  bottoms,  or  that  portion  of  the  overflowed  lands  situated  be- 
tween Helena  and  the  mouth  of  the  White  River. 

(2.)  The  islands  suiTounded  by  the  White,  the  Arkansas,  and  the  Mississippi  rivers. 

(3.)  The  Arkansas  River  and  Cypress  Creek  bottoms,  which  extend  from  the  month 
of  the  Arkansas  River  to  Cypress  Creek. 

These  three  basins,  taken  either  separately  or  conjointly,  have  comparatively  but 
small  capacity  to  deplete  the  Mississippi  River  of  its  flood  waters,  or  to  perform  the 
function  of  reservoirs  to  the  same. 

In  view  of  the  above  fact  in  connection  with  fhe  subsidence  of  the  .flood  and  the 
more  important  work  which  hatl  to  be  done  below,  the  examinations  of  these  fronts 
were  made  in  a  cursory  manner,  and  only  the  more  important  features  were  noticed. 

Such  observaiions  as  were  made  are  given  below.  On  March  25,  1882,  the  crevasse 
just  below  Helena  was  examined : 

Width  (estimated),  2,500  feei. 

Surface  velocity,  3.4  feet  per  second. 

Depth  (mean  of  soundings),  9  feet. 

CoeflScient  to  reduce  surface  velocity  to  mean  velocity,  .7. 

Discharge,  54,000  cubic  feet  per  second. 

For  maximum  stage :  Feet 

Helena  gauge,  March  8,  1882,  maximum 47. 2 

<(ielena  gauge,  March  25 45. 2 

Increment 2.0 

Discharge,  63,000  cubic  feet  per  second. 

This  result  may  be  regarded  as  approximately  correct,  as  the  increase  in  the  cross- 
^^ction  area,  due  to  the  probable  widening  of  the^crevasse,  may  be  conssidered  to  be 
^^mpensated  in  the  discharge  computation  by  the  reduction  in  surface  velocity  due 
^«  the  tilling  up  of  the  swamps  and  the  reduction  of  head  by  the  fall  of  the  river  itself. 

March  27,  at  Westover,  opposite  Friar's  Point,  there  were  three  breaks: 

Width  (aggregate),  1,200  feet. 

Surface  velocity  (mean),  twothiitls  foot  per  second. 

164  £NG 
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Depth  (mean  of  sonndings),  44  feet. 

Discharge,  2,500  cubic  feet  per  second. 

On  Kangaroo  Point  the  water  was  flowing  back  into  the  river  for  a  distance  of 
S^.()00  feet  and  at  the  rate  of  1  cubic  foot  per  secoml  per  linear  foot.  Return  flow,  2,600 
cubic  feet  per  seoond. 

From  Kangaroo  Point  to  Old  Town  Landing  there  were  two  breaks  in  the  levee,  300 
and  110  foet  wide,  respectively,  at  the  date  of  observation.  When  examined  the  cur- 
rents in  these  were  from  the  river  at  the  rate  of  one-third  of  a  foot  per  second  on  the 
surface.  From  information  received,  it  was  learned  that  at  the  highest  sta^  of  the 
river  these  were  discharging  into  the  river  with  considerable  velocity.  This  feature 
w^as  probably  due  to  the  influence  of  the  Old  Town  Ridge.  From  Old  Town  Land- 
ing to  Cockleburr  Bayou  six  breaks  in  the  levee  were  reported. 

LACONIA  CIRCLE. 

This  tract  of  land,  situated  just  above  the  mouth  of  White  River,  is  sabject  to  sub- 
morgeuce  from  three  sources,  t.  «.,  the  Mississippi  River  on  its  own  front,  the  over- 
flow water  from  the  Mississippi  River  that  escapes  above,  and  the  White  River  in  the 
rear;  it  is  completely  surrounded  with  levees,  which  arc  intended  to  protect  it  from 
these.  During  the  flood  of  1882  but  little  damage  was  done  previous  to  the  rise  iu 
the  White  River,  which  backed  up  the  overflow  water  that  escaped  from  the  Missis: 
sippi  River  above  until  it  rose  higher  than  the  back  levels  and,  breaking  these,  inun- 
dated the  circle.  When  the  circle  was  filled,  the  overflow  above  continuing  and  be- 
ing de]>rive<l  of  its  usual  outlet  through  the  White  River,  the  water  rose  above  the 
front,  or  Mississippi  River  levees,  and  running  over,  broke  them. 

The  water  on  the  inside  of  the  circle  was  from  1  to  1|  feet  higher  than  the  Missis- 
sippi River  in  the  vicinity  of  Graddy's  Landing,  Desha  County,  Arkansas. 

DISCHARGE  OF  THE  WHITE  RIVER. 

On  March  27  Montgomery  Pass  or  Cut-off  was  examined.  No  perceptible  current 
was  found.    The  mean  depth  was  29  feet. 

On  March  28  the  White  River  proper  was  ganged.  The  discharge  section  was 
located  one-half  mile  below  the  head  of  Montgomery  Pass,  the  base  line  and  the 
width  of  the  river  were  measured  by  means  of  the  stadia,  the  ranges  and  base  were 
located  with  a  prismatic  compass,  seven  soundings  wen*  taken  approximately  eqni- 
distant,  and  four  rod  floats  were  run,  also  ai>proximately  equidistant.  . 

The  base  was  121  feet  long,  and  the  floats  consisted  of  a  2-inch  rod  weighted  to  an 
immersion  of  16  feet.  The  coefficient  of  nine-tenths  is  used  to  reduce  the  measared 
velocity  to  mean  velocity,  as  the  floats  were  run  at  an  immersion  a  little  less  than 
one-third  of  the  mean  depth. 

Width  of  the  river,  750  feet. 

Mean  dt4)th,  42.5  feet. 

Mean  of  measured  velocities,  4  feet  i)er  second. 

Discharge,  115,000  cubic  feet  per  second. 

There  was  no  apparent  movement  in  the  overflow  on  the  right  bank  of  the  White 
River  from  the  locality  of  the  discharge  section  to  the  mouth,  while  there  was  an  in- 
flow into  the  White  River  over  the  left  bank  of  about  I  cubic  foot  per  second  per 
linear  foot.  This  would  give  the  discharge  of  the  White  River  into  the  Mississippi 
at  the  date  of  observing,  117,500  cubic  feet  per  second. 

Discharge  of  the  White  Biver  at  the  maximum  stage. 

Water  gauge  at  the  mouth  of  White  River ; 

Eeet. 

Maximum  stage,  February  28,  1882 48.4 

Observation  stage,  March  28,  1882 46-2 

Increment ^. 2.2 

Mean  depth  for  maximum  stage,  42.5 -f  2.2  =  44.7  feet. 

Discharge,  121,000  cubic  feet  per  second. 

Sup{)u8in<r  that  at  the  maximum  stage  the  discharge  over  the  bank  into  the  White 
River  was  double  what  it  was  at  the  observed  stage,  we  would  get  126,000  cubic  feet 
per  second  as  the  total  discharge  of  the  White  into  the  Mississippi  at  maximam 
stage. 

Betxceen  the  mouths  of  the  White  and  Arl'ansas  rivers. 

From  the  mouth  of  the  White  River  down  the  Middle  Ground  to  the  month  of  the 
Arkansas  River,  there  was  no  apparent  current,  the  laud  varying  fiom  1  foot  submer- 
gence to  1  foot  exposure. 
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DISCHARGE  OF  THE  ARKANSAS  RIVER  AT  ITS  SfOUTH. 

The  obfiervatious  were  made  on  March  28, 1882.  The  discharge  section  was  located 
:^00  yanls  iilx>ve  iho  mouth  of  the  Arkansas,  and  the  methods  used  were  the  same  as 
those  employed  in  determining  the  discharge  of  the  Whit«  River. 

Widtli  of  Arkansas  River,  750  feet. 

Depth  (mean  of  8  soundings),  40.7  feet. 

Mean  of  observed  velocities,  2.17  feet  per  second. 

Coefiicieut  of  reduction,  .9. 

Approximate  discharge  for  observed  stage,  62,000  cubic  feet  per  second. 

For  masdmum  stage. 

Feet 

Maximum  stage,  Arkansas  City  gauge 47.1 

Stage  on  March  28,  Arkansas  City  gauge 44. 1 

Difference  of  stage 3.0 

Mouth  of  White  Kiver,  difference  of  stage 2.2 

Increment  for  Arkansas  River 2.7 

Assuming  that  the  other  conditions  are  equal,  we  have  for  maximum  stage : 
Mean  depth  40.7-f  2.7=43.4  feet,  and  discharge  64,000  cubic  feet  per  second. 

BAYOU  ONE  MILE  ABOVE  CYPRESS  CREEK. 

Width  (effective),  130  feet. 
Velocity,  snrface,  3.5  feet  per  second. 
Mean  depth,  33.4  feet. 
Coefficient  of  reduction,  .8. 
Discbarge,  12,000  cubic  feet  per  second. 

Far  maximum  stage. 

Mean  depth,  3:).4-f2.6=:36  feet. 
Discharge,  13,00u  cubic  feet  per  second. 

From  the  above  bayou  to  Cypress  Creek  there  was  a  flow  into  the  Mississippi  River 
of  9,000  cubic  feet  x>er  second. 

CYPRESS  CREEK. 

Cypress  Creek  was  discharging  into  the  Mississippi  River,  and  the  following  esti- 
mate of  the  amount  is  made  from  the  observations : 

The  total  distance  sounded  was  1,000  feet,  which  is  divided  into  two  sections,  t.  e., 
the  main  channel,  Cypress  Creek  proper,  and  the  auxiliary  channel,  or  the  sum  of  the 
distances  on  each  side  for  which  the  velocity  of  the  current  was  greater  than  that 
usual  in  the  overflow. 

For  the  main  channel. 

Width  (estimated),  170  feet. 

Mean  depth,  30^  feet. 

Surface  velocity,  2.1  feet  per  second. 

Coefficient  <^  reduction.  .8. 

Discharge,  8,700  cubic  leet  per  second. 

For  the  auxiliary  channel. 

Width,  830  feet. 

Mean  depth,  10  feet. 

Surface  velocity,  1^  feet  per  second. 

Coefficient  of  reduction,  .65. 

Discharge,  6,800  cabio  feet  per  second. 

Total  djflehsrge  of  Cypress  Creek  at  the  date  of  observing,  15,500  cubic  feet  per 


There  is  given  below  a  tabulation  of  the  discharge  of  such  outlets  as  were  gauged; 
also  an  estimate  of  their  discharge  at  the  maximum  stage  of  the  river. 

Theoe  observations  weVe  scattering,  ^nd  can  give  no  conception  of  the  total  amount 
of  water-escape  from,  or  of  the  action  of  the  overflow  upon,  that  portion  of  the  river 
bank  which  is  comprised  between  their  limits;  nor  is  this  report  made  with  any  such 
view,  as  there  was  no  attempt  at  either  a  thorough  examination  or  even  a  rough  esti- 
mate of  the  movement  of  the  overflow,  for  reasons  hereinbefore  mentioned. 
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The  priDcipal  tributaries  of  the  Mississippi  River  were,  howler,  roughly  gauged, 
as  it  was  thought  that  such  data  wonhl  he  of  interest  and,  perhaps,  of  service  in 
other  relations,  as  well  as  that  of  high- water  escape. 

Table  of  measured  discharges  between  Helena  and  the  month  of  Cypress  Cr^k : 


Locality. 


HcleDa 

Weal  over 

KanpirooJ*oint. ► 

Old  Tuwxi  Landing , 

"Whito  River , 

Arkansas  River 

]layou,  1  mile  alK>ve  Cj'press  Creok 

Between  above  ba3*ou  and  Cypress  Creek. 
Cypress  Creek * , 


Totals 


Stage  at  the  time  of  obaer^ 
ration. 


Escape  from 

river  per 

second. 


Ouhiefeet. 
54.000 
2,500 


600 


Flow  into  river 
per  second. 


57, 100 


Oubie/eeL 


2,eoo 


117,500 

62.000 

12.000 

9,000 

15,500 


218,600 


Estimate  for  maximum  atage. 


Escape  from 

river  per 

second, 


Cfubiefeet 
63.000 
10,000 


Flow  in  to  river 
peraeoond. 


73.000 


CfuMe/ML 


12.000 

laooo 

126.000 

64.000 

13.000 

9.000 

18.300 


260.300 


TENSAS  FRONT. 

« 

This  section  of  the  front  of  the  Mississippi  River  extends  along  the  right  bank  of 
the  same,  from  Cypress  Creek  to  the  month  of  Red  River. 

Tho  examination  was  made  as  follows : 

March  29, 1882.  a  set  of  observations  was  made  between  Arkansas  City  and  tlie  west 
bank  of  Bayou  Mayon,  aloug  the  line  of  the  Little  Rock,  Mississippi  River  and  Texan 
Railroad,  in  order  to  determine  the  amount  of  water  flowing  throngh  tiie  l>ottom8. 

This  was  done  to  obviate  the  necessity  of  measuring  the  inflow  and  ontflow  along 
the  banks  of  the  streams  contiguous  to  this  section,  viz,  the  west  bank  of  the  Cypress 
Creek,  from  where  it  leaves  the  high  land,  to  its  mouth,  and  the  west  bank  or  tho 
Mississipi^i  River,  from  the  month  of  Cypress  Creek,  to  Arkansas  City. 

After  the  coin))letion  of  the  above,  the  right  bank  of  the  Mississippi  Riverwas  ex- 
amined from  Arkansas  City  to  Point  Chicot. 

March  30,  1882,  the  right  bank  was  followed  from  Leland's  to  Ashton,  after  which 
the  Frolic  proceeded  to  Vicksburg  to  await  orders.  On  the  way  down,  Mr.  J.  B. 
Johnson,  United  States  assistant  engineer,  made  a  second  estimate  of  the  breaks  be- 
tween Alsatia  and  Delta,  La.;  the  ilrst  one  having  been  maile  by  him  on  March  21, 
1H82,  after  his  reconnaissance  of  the  Yazoo  Front.  Both  estimates  are  given  in  the 
tabulated  results. 

March  30,  1882,  orders  were  telegraphed  for  and  their  arrival  awaited. 

March  31, 1882,  that  portion  of  the  Tensas  Front  comprised  between  Delta,  La.,  and 
Shipp*H  Bayou,  was  examined. 

April  2,  18P2,  tho  examination  was  continued  from  Shipp's  Bayou  to  Waterproof. 

April  3,  1882.  the  right  bank  was  followed  from  Waterproof  to  the  mouth  of  Red 
River,  and  the  examination  of  the  Tensas  completed. 

MODE  OF  ODSKRVING. 

As  there  was  considerable  escape  into  the  swamps  over  the  right  bank  of  Cypress 
Creek,  from  where  it  leaves  the  high  land  to  its  mouth,  and  as  there  were  freqaeut 
variations  in  the  directi<m  of  the  movement  of  the  overflow  water  on  that  portion  of 
tlH>  right  bank  of  the  Mississippi  River  extending  from  the  month  of  Cypress  Creek 
to  Arkansas  City,  it  was  deemed  more  expedient  to  estimate  the  net  escape  above 
this  latter  point,  by  measuring  tho  amount  of  water  flowing  throngh  the  bottoms  on 
this  latitude  and  nmking  due  allowance  for  the  contribution  of  local  watersheds,  than 
to  follow  the  entire  tributary  front;  enpecially  as  the  observations  made  nnder  the 
latter  luethod  would  have  been  more  imperfect  in  their  character. 

Discharge  observatious  ov(>r  tho  lino  of  the  railroad  from  Arkansas  City  to  Bayoa 
Magou  were  nuule  as  follows: 

The  wi<ltlis  of  the  sections  were  measured  with  a  tape  line  along  the  bridges,  trestles, 
and  culverts,  soundings  were  taken  every  50  fefet,  and  the  surface  velocity  was  meas- 
ured with  a  log  and  line  at  intervals  of  100  feet  or  less,  as  the  variation  in  velooity 
dciuaude*!. 

In  computing  the  rc&ults,  a  coeflicient  of  .8  is  used  to  reduce  the  yelooity  at  the 
surface  to  a  mean. 
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From  Arkantois  City  to  Asfatou  and  from  Delta  to  the  month  of  Red  River  the  fol- 
lowing methods  were  nsed : 

Where  there  were  breaks  in  the  levee  of  requisite  importance  the  width  was  measured 
with  the  stadia,  the  section  in  the  line  of  tne  levee  was  sonndcd,  and  the  surface  ve- 
locity was  measnred  with  the  Ipg  and  line.  If  the  sectiqu  comprised  between  the 
ends  of  the  levee  showed  a  large  amonnt  of  sconr,  attributaole  to  the  viBrtical  niove- 
ineat  of  the  water  flowing  through  it,  an  auxiliary  section  was  sounded,  eitjier  in 
front,  if  the  battnre  was  extensive,  or  in  the  rear  of  the  levee,  where  the  vertical 
equilibrium  of  the  water  was  somewh^^t  restored ;  a  velocity  was  measured  for  this 
auxiliary  section  and  the  width  of  the  same  estimated.  Where  the  water  was  flowing 
over  the  top  of  the  levee  for  a  long  stretch,  the  amount  of  discharge  per  linear  foot  was 
estimated  and  afterwards  mnltipUed  by  the  total  distance  found  subject  to  such  sub- 
mergence. For  small  breaks  the  output  was  either  disregarded  or  the  discharge  esti- 
mated in  its  entirety. 

REDUCTION. 

The  following  formula  is  used  for  computing  the  discharge : 

Q=VxWxDxC, 
wherein : 

Q  =  discharge. 

V  =  surface  velocity. 

D= depth  or  mean  of  soundings. 

W=  width  of  cross-section. 

C  =  coefficient  of  reduction. 

COEFFICIENT. 

The  only  velocity  measured  being  that  of  the  surface,  a  reduction  to  mean  velocity 
is  Deoeesary  in  order  to  obtain  the  true  discharge.    The  following  have  been  adopted : 

For  open  streams,  mean  velocity  =  surface  velocity  X  .8. 

Eor  crevasses,  mean  velocity  =  surface  velocity  X  .7. 

For  discharge  over  the  banks,  mean  velocity  =  surface  velocity  X  .65. 

8TAOE. 

At  Arkansas  City  the  maximum  gauge  height  occurred  on  February  28,  nine  days 
before  the  main  flood- wave  had  reached  Helena,  while  at  Greenville  it  occurred  on 
Febraarv  27,  ten  days  previous. 

At  Lake  Providence  and  Yicksburg  the  highest  stage  was  reached  on  March  20, 
eleven  days  after  the  crest  of  the  flood- wave  reached  Helena. 

OAUQB-READIN68  AND  DIFFERENCES  OF  STAGE  AT  THE  GAUOE  STATIONS. 

Arkansas  City":  Feet. 

Highest  stAge,  February  28, 1882 47.10 

Observed  stage,  March  29, 1882 44.05 

Difference 3.05 

Qreenville : 

Highest  staffo,  February  27,  1882 41.70 

Obeerved  stage,  March  30, 1882 40.65 

Difference 1.05 

Lake  Providence : 

Highest  stage,  March  20, 1882 38.32 

Stage  of  first  observation  March  20, 1882 :i8.32 

Stage  of  second  observation,  March  30, 1882 36. 35 

Difference 1.97 

Vicksburg : 

Highest  stage,  March  20  and  21, 1882 48.75 

Obeerved  stage,  April  1, 1882 47.00 

Diiference 1.75 
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Saint  Joseph,  La. :  * 

Highest  stage,  March  20, 1882 44.90 

Observed  stage,  April  2, 1882 43.85 

Difference *» * *.*...*.*....•.* 1*05 

^'f  atchez  *  - 

Highest  stage.March  28  and  29, 1882 .'.  47.75 

Observed  stage,  April  3, 1882 47.20 

Difference 0.55 

Red  River  Landing : 

Highest  stage,  March  27, 1882 48.50 

Observed  stage,  April  3, 1882 48.10 

Difference 0.40 


Estimate  of  the  amount  of  water  flouing  through  the  bottoms  between  Arkansas  City  and  the 
west  hank  af  Bayou  Ma^iy  from  measurements  made  along  the  line  of  the  Little  Rock, 
Mississippi  River  and  Texas  Railroad,  on  March  29,  1882. 


Locality. 


Chicot  Bayoa 

Boc^  Bayou 

Culverts 

Fnlton  Bayou 

Dead  Man's  Bayou 
Ma9on  Bayou 


Total 

Leas,  for  local  water-aheds 


Amount  of  escape  on  this  line. 


Cross-seo- 
tionarea. 


10,475 

375 

10, 520 

13.375 

dpOGl 


68,554 


Mean  ve- 
locity per 
second. 


1.35 
1.32 
2.1G 
1.00 
1.28 
1.76 


L41 


Discharge 
per  sec- 
ond. 


Cu.ft. 
22,600 
25.700 
800 
16.000 
17.200 
10.700 


03,000 
30.000 


68,000 


The  maxiranm  stage  in  the  overflow  was  32  inches  above  the  observed  stage. 

For  maximum  stage : 

Cubic  foet  per  eeootid. 

Escape  at  observed  stage 63,900 

Increment,  5,840  X  2.7  X  1.4 22,100 

Escape  at  maximum  stage 86,000 

These  figures  give  the  probable  net  escape  from  Cypress  Creek  and  the  Mississippi 
River  into  the  Tensas  Bottoms  above  Arkansas  City,  for  the  maximum  stage  and  a 
stage  3  feet  below  the  maximum. 

WATER  ESCAPE  INTO  THE  TENSAS  BOTTOMS  AT  THE  TIME  OF  OBSERVINO. 


^  Cubic  feet  per  second. 

Net  escape  above  Ashton 118,000 

Net  escape  from  Ashton  to  Delta 219,000 

Net  escape  from  Delta  to  the  mouth  of  Red  River 49,000 

Total 386,000 

Miiximum  stage. 

There  are  many  important  features  of  the  flood  regimen  of  the  Mississippi  RiYer 
which  bear  upon  the  question  of  what  constitutes  a  maximum  stage  for  the  .entire 
Tensas  Front,  of  which  the  following  arc  some : 

The  division  of  the  main  flood-wave  on  the  Yazoo  Front  into  two  parts,  one  passing 
down  the  river  channel  and  the  other  through  the  Yazoo  Bottoms ;  and  the  near  prox- 
imity to  the  U])per  portion  of  (he  TeusaM  Front  of  two  afliuents  of  the  size  and  Impor- 
tance of  the  white  and  ArkanHa.H  rivers.  •     • 
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The  point  of  juDcture  of  the  flood-wave  from  these  tributaries  with  the  wave 
descenaiDg  from  Cairo,  audits  relation  to  the  precedence,  coiucidenco,  or  sequence  of 
the  cresta,  often  give  a  maximum  stage  along  the  upper  portion  of  the  front,  which 
Is  considerably  anterior  to  that  of  the  lower,  while  the  more  or  lese  perfect  conjunc- 
tioQ,  at  the  month  of  the  Yazoo  River,  of  the  two  portions  of  the  original  iiood-wave, 
lias  its  effect  upon  the  stage  of  the  river  for  a  considerable  distance  above,  as  well  as 
jUong  the  whole  section  oi  the  Tensas  Front  lying  below. 

The  following  data,  bearing  upon  the  relation  of  stage  and  discharge  of  the  Missis- 
sippi River  at  floo<l-stage,  are  taken  from  the  results  of  the  observations  made  by 
^Assistani  Engineer  Homer  P.  Ritter : 

Discharge  observations  at  Hays^  Landing,  Miss,  » 
(Homer  P.  Ritter,  17.  S.  assistant  engineer  in  charge.) 


Gftoge-reading feet.. 

Water  are* square  feet. . 

Width feet.. 

If ean  velocity ...  ft.  per  sec . . 
Diachat  ge. . .  cu.  ft.  per  sec . . 


March  20,  1882, 


January  21 ,  1882.     ^*''.*'"  -'"'  ^,'^-* 
v«Miu^jr  *i,  i«o*.    noaxinium  stage. 


34.28 
161,534 
2,710 
0.06 
978,300 


38.58 
172, 105 
2,  820 
5.44 
936,900 


March  29,  1882. 


36.06 
104, 614 
2,756 
5.56 
914,800 


Judo  1,  1882. 
maximum  dis- 
charge. 


34. 14 
167. 306 
2,707 
a  26 
1,  049, 000 


These  figures  show  that  the  reunion,  at  the  month  of  the  Yazoo  River,  of  the  two 

Sart«  of  the  original  flood- wave  resulted  in  an  increase  of  stage  above,  for  a  given 
ischsrge,  or,  viewed  in  relation  to  the  maximum  discharge,  in  rendering  negative 
the  increment  of  discharge  for  proportionate  gauge  heights,  and  in  a  retardation  of 
the  passage  of  the  flood- wave. 

As  the  maximum  discharge  did  not  occur  at  tlie  maxininm  stage,  the  amount  of  es- 
cape from  the  river  at  said  stage  cannot  be  regarded  as  indicating  the  increment  in 
gauge  height  which  would  occur  if  the  escape  were  contined  to  the  river  under  normal 
coDditions;  that  is,  where  the  propagation  of  the  llood-wavo  is  restricted  to  the  river 
channel. 

The  following  estimate  of  net  escape  is  made  for  maximum  stage : 

Cubic  foet  per  second. 

From  the  mouth  of  Cypress  Creek  to  Ash  ton 150, 000 

From  Ashton  to  Delta,  La 300,000 

From  Delta,  La.,  to  the  mouth  of  Red  River 50, 000 

F^m  maximum  stage  along  the  Tensas  Front 500,  OOO' 


TKN8A8  FRONT,  FLOOD  OP  1882. 

Mouth  of  Cypress  £reek  to  Louisiana  State  line. 
[Ohservation  by  Hunter  Stewart  and  J.  B.  Johnson.]         ^ 


Locality. 


Veloc- 


Witlth.  Depth 


I  of  overflow  water  from  Cypress  Creek 
and  Mipsissippi  River,  flowing  through  the 
bottoms  along  the  Uno  of  the  Little  Rock, 

Mississippi  River  and  Tensas  Railroad 

raines  Landing 

^low  Gaines  Landing 

slow  Gaines  Landing  (break  in  levee) 

clow  Gaines  Landing 

Do.. 

-^bove  Poin t  Comfort 

^a-toriato  Lnna  (fonr  breaks) 

^^bUky  Chute 

-^ord  »nd  Spears 

_        l>o 

•^loeeBank 

•Matthews  Bend 

Do 


Total 


2,000 

660 

1.000 

2,600 

2.600 

10.000 

1.000 

330 

450 

200 

330 

330 


3.0 
3.0 


3.0 


3.0 
1.0 
3.0 
2.0 
7.0 
3.5 
1.0 


Coeffi- 
cient. 


.7 
.7 
.6 
.7 
.6 
.7 
.7 
.7 
.7 
.7 
.7 
.7 


Date 

of  obsor- 

vat  ion. 


Mar. 
Mar. 
Mar. 
M.ir. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 


Outflow. 


29  i 
29! 
20 
21)  . 
29 

29  . 
29 
29' 
.'iO 

30  I 
30  I 
30 
30 
30; 


63.000 
7.  600 
2,500 


2,  700 


14,000 

10.000 

700 

4. 400 

3,000 

600 

200 

8.000 

117,600 
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I 

Jahton  to  Delta,  maximum  stage. 


(Observation  by  J.  B.  Johnson.] 
FITIST  ESTIMATE. 


Locality 


Veloc- 
ity. 


AshtoD I      0. 75 

Alsatki :    10.0 


Do. 


Salem  to  ilolln  (six  bn^aks) 
Rolla  to  Mrs.  liell'a  (seven 

breaks) ! 

Mrs.    BclPs   to    Point  (tive  I 

breaks)    ' 

Montgomery  to  Bum's  (two  , 

breaks) ' 

Omega  to  Bnckburu  (seven  , 

breaks) 

Milliicen^s  Bend 


Total 


10  0 
4.0 

4.0 

4.0 

4.0 

4.0 
5.0 


Date 


Width.;  Depth,  i  ^Pj;^- :  of  obser 
*^*®"'-  .   vation. 


15,000 

1G5 

(>G0 

1,080 

1, 320  ; 

1,000  I 

330  I 

3.600  i 
1,300  I 


4.0 
12.0  ! 
10.0  ! 
12.0 

4.0-1 

3.0 

2.0 

&0 
&0 


.65 
.  t 

.7 

.  7 

.7 
.7 


7 
7 


Mar.  20 

Mar.  21 

Mar.  21 

Mar.  21 

Mar.  21 

Mar.  21 

Mar.  21 

Mar.  21 

Mar.  21 


Maxl- 
nimn 
stage. 


Date  of 
break. 


Mar.  20  <  Old  . 

Mar.  *U     s.ar. 

Mar.  21  |  3iar. 

Mar.  21 


21 
21 


Out- 
flow. 


29.000 
14,000 
40.000 
67,000 


Mar.    21  j |  15,000 


Mnr.  21 

Mar.  21 

Mar.  21 

Mar.  21 


Mar.ia.17 


6.000 

2.000 

81.000 
80.000 


m.000 


SECOND  ESTIMATE. 


Locality. 


Ashton 

Alsatia  to  Goodrich's 
(throe  bi'eaks) 

Above       Eduemont 

'    (three  breaks).   .. 

At  Kolla's    

Kulht  to  Mrs.  Bi'll's 
(five  breaks) 

liolhi  to  Mis.  Bell's 
(four  ItrcakH)  

Mi-s.  B«'irH  to  Wil- 
low Point  (thiee 
bix'akn) 

Willow  Point  (o  Del- 
ta  


Total. 


^,rlr-  '  Width.'  Depth,    ^'f^ffi-    of^bS'er. 

'  ,   vation. 


i«y 


Moxl     'Differ-     TjmtAof 
stage.    !  stage. 


break. 


Out- 
flow. 


0.75     1.1,000 
'».  0    '    3, 300 


3.0 
3.0 

1.0 

0.0 


1,300 
480 

2, 140 

(UiO 


0. 0    I        650 
4.0     ,     5,200  , 


2.0 

8.0 

4.0 
4.0 

1.0 

0.0 


05    Mar.    30  !  Mar.    20 


Mar.   30  '  Mar.    21 


Mar.   30 


.7    I  Mar.    30 

i  • 

.7    !Mar.   30 

I 
....  Mar.    30 


0.0 ;  Mar.   30 

.  7      Mar.    30 


6.5 


Mar.  21 

Mar.  21 

Mar.  21 

Mar.  21 

Mar.  21 

Mar!  21 


2.0 

4.0 

4.0 
4.0 


L5 


Old 13.000 

Mar.    21  !    82. 000 


!    11.000 
;      4,000 

2,000 


.;    95.000 
.!  219,000 


Delta  to  Bed  Bivei\ 


[Observation  by  Hunter  Stewart  and  J.  B.  Johnson.  1 


I..ocalitv. 


Velocitv. 


Upper  side  of  Delta. 
Lower  side  of  Delta 


Below  Di'lta  (2  breaks) 
Vicinity  of  Biown  and  Johnson's 

(old  lireak) 

Ciistlenian's  to  H  ico 


Ilico  to  SargciitB 

Killakranka  ( •  brt»ak«) 

Just  below  Killakranka 

Ilarpir  Bay«»n 

lietwecn  Harjier  liayou  .'Uid  the 

ends  of  the  lovee  . ' 

Buckuer's  (2  breaks)    


4.0 


1.5 

1.5 
2.0 

1.5 
4.0 
4.0  i 
7.0  • 


Width,  Depth,  j  ^-ffl-  '  jSr^b-'k' 

yation. . 


1.200 


4.0 


250 

13,000 
17.500 

15,000 
106 
330 
200 

430 
250 


LO 


4.0 

3.5 
4.0 

3.5 

1.5 

3.0 

24.0 


3.0 


.7 


.7 


.7      Apr.  1. 

.65    Apr.  1 


.65  Apr.  1.  . 

.7  Apr.  l.i 

.7  Apr.  1.  . 

.8  Apr.  1.  j 


Oat- 
flow. 


Som- 
Dfttion. 


3,400 


Apr.  1.  [ 

I 

Apr.  1.  '—    3,400 

Apr.  I 


-:    S.400 


I 


1.000 

I 

48.000 
91.000' 


—  51, 000 

...  —  700 
...  —  2,800 
—  27.000 


140,000 


.7 


Mar.  13..—  2.000 

Apr.  1. ! —  2.100 

i      56.400 
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Delta  to  Bed  Biver — Continued. 


Locality. 


Point  Pleasant 

Do 

Do 

Lower  side  of  Point  Pleasant. . . 


Backri^ge , 

Between  Buck  ridge  and  Ship*8 
Bayou 

Halt  a  mile  above  Hard  Times. . 

Hard  Times  to  Deshroon's.  ...*... 

Do 

Do 

Above  Hardscrabble 

At  Hardscrubble 

Bondurant , 

Kempe 

Water  Proof,  break  in  new  levee. 

Water  Proof  break  in  old  levee 

Water  Proof  (3d  break) 

Hole  in  the  Wall 

Upper  arm  of  Lake  Concordia, 
over  the  levee  and  through 
breaks. 

Lower  arm  of  Lake  Concordia  . . . 

From  the  end  of  the  Henderson 
and  Ashley  levee  to  Grand  Cat* 
oft,  35  miles,  at  5,000  cubic  feet 
per  second  per  mile— returning 
to  river 


Velocity. 


4.0 
5.0 
4.0 
0.7 

0.7 

6.2 
1.4 
0.0 
1.2 
1.6 
3.3 
5.0 
3.0 


Width.!  Depth. .  ^f/jj^; 


3.0 

e.0 

&6 
1.3 


2.5 
2.6 


LO 


330 

250 

1Q5 

2,000 

2,600 

330 
950 
130 
}20 
50 
250 
330 
330 


660 
400 
350 
260 


35, 000 
25,000 


175, 000 


20.0 
6.0 
1.0 
3.0 

2.5 

8.0 
12.0 
8.0 
9.5 
U.0 
9.0 
8.0 
7.5 


10.0 
8.0 

45.0 
3.C 


1.0 
1.0 


1.0 


.7 
.7 
.7 
.7 


.7 
.7 
.7 
.7 
.7 
.7 
.7 
.7 


.7 
.7 
.7 
.7. 


.7 
.7 


Date  of 
obser* 
vation. 


Date  of  I 
break,  i 


Out-     I  Sum- 
flow,    'matlon. 


Apr.l. ;. 
Apr.  1. ' . 
Apr.  1. : . 
Apr.l    . 


18. 000 

5. 000" 

500! 

3,000 


Apr.  1.  Mar.  5.'—    3,200; 


Apr.  2. : 
Apr.  2. 
Apr.  2. 
Apr.  2. 1 
Apr.  2. 
Apr.  2. ; 
Apr.  2. 
Apr.  2. 
Apr.  2. 
Apr.  2. 
Apr.  2. 
Apr.  2. 
Apr.  3. 


Mar.  21. 
Mar.  21. 
Mar.  21.; 


0,600 

11, 200 

4,400 

1,000 

300 

5,200 

9,200 

5,200 

1,200 

13,900 

13. 400 

93, 7U0, 

700 


82,900 
79,700 


Apr.  3. 1  Mar.  24.' 
Apr. 3.  Mar. 24.' 


248, 700 


87, 600 101,  200 
62, 500  223, 700 


Apr.  3. 


—175, 000 


48,700 


Examination  of  the  right  hank  of  the  Mississippi  Birerfrom  the  mouth  of  Bed  Biver  to  Don- 

'aldsonvilhy  flood  of  1^82. 

[Observation  by  Huntor  5^tewart.] 


Locality. 


Red  River  Landing 

Do 

Ho|i;  Point 

Do * . 

Do , 

Do : 

IV» 

Morganta— crevasse  proper 

Between    channel  of  the  crevasse  and 

theends  of  the  levee 

Point  Coupee 


Width.  Depth.     Coeffi; 


4.5 

2.0 
7.5 


800 

3  300 
2,200 


3.0 

250  : 

7.0 

2.0 

100 

6.0 

2.0 

40  . 

2.5 

1.0 

130  , 

5.0 

3.0 

200 

2.5 

2.0 

150  ! 

5.0 

8.0 

200 

5.0 

22.0 

10.0 
10.0 


.7 

.7 

.7 
.7 
.7 
.7 
.7 

.7 

.7 

.7 


Date  of 

obsei- 

vation. 


Apr.  4. 
Apr.  4. 

A]>r.  4. 
Apr.  4 
Apr.  4. 
Apr.  4. 
Apr.  4. 

Apr.  5. 

Apr.  5. 
Apr.  6. 


Out- 
flow. 


3.700 
1,000 

200 

500 

1,000 

1,000 

2, 100 


Sum- 
mation. 


4,700 


9,500 


111,100 
220,600 


J^camination  of  the  Arizona  and  Landry  crevasses j  Louisianaj  flood  of  1882. 

[Observation  by  Hunter  Stewart.  ] 


Locality. 


Arisona,  Iberville  Parish  . 
Landry.  Ascension  Parish 


Depth. 

Coeffl- 
cieut. 

4.0 
5.0, 

.7 
.7 

Date  of 
obfierv- 
ation.  I 


Apr.  7 
Apr.  6 


Out-     !  Sum- 
flow,    mation. 


28, 000 
3,000 


31,000 
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4.— Saint  francis  front,  the  yazoo  front,  and  a  portion  of  the  tensas  fkont, 

FOR  flood  of  1883. 

(With  an  npproximnte  iletermiDation  of  the  discharpe  of  the  Saint  Francis  and  Yasoo  rivera,  by  Hun- 
ter Stewai-t,  Unitod  Stated  assistant  engineer.  Party  of  Hunter  Stewart  and  Homer  P.  Kitter, 
Uuitc'd  States  assistant  euf;iueer8.) 

8COPK  OF  WORK. 

The  work  contemplated  iu  the  letter  of  instructions  of  February  25,  consisted  of 
nn  exaniinntion  and  an  approximate  determination  of  the  amount  of  water  escape 
from  the  MisbiKsippi  River  over  the  following  portions  of  its  banks:  The  Saint  Francis 
Front,  or  tlie  right  bank  from  Commerce,  Mo.,  to  Helena,  Ark.',  the  Yazoo  Front,  or 
the  left  bank  from  Horn  Lake  to  Vicksburg,  ami  the  Tensas  Front,  or  the  right  bank 
from  the  mouth  of  Cypress  Ci*eek  to  the  month  of  Red  River. 

This  was  afterwards  amended  by  the  letter  of  instructions  of  March  13,  which  lim- 
ited tlie  examination  of  the  Tensas  Front  to  that  portion  of  it  which  lies  above 
Delta,  La. 

OUTFIT. 

The  steamer  S.  C.  Baker,  equipped  with  a  single  crew,  was  assigned  for  this  service. 
The  cnginrer  force  cousiBted  of  Messrs.  Hunter  Stewart  and  Homer  P.  Ritter,  United 
States  atssistant  engineers.  I  take  pleasure  in  acknowledging  the  efficient  and  valu- 
able services  rendered  by  Mr.  Ritter. 

JOURNAL. 

Monday,  February  26,  1B83 :  The  party  left  Saint  Louis  on  board  the  steamer  8.  C- 
Baker  at  G  p.  m. 

Tuesday.  February  27 :  This  day  was  consumed  in  making  the  run  from  Carondelet 
to  Daiiiers  Landing.' 

Wednesday,  February  28:  Arrive<l  at  Cairo  at  8  a.  m ;  coaled  steamer.  Left  Cairo 
at  1  ]>.  m.,  examined  the  right  bank  from  the  upper  side  of  Bird's  Point  to  the  lower 
portion  of  Lucas  Beud. 

Thurstlay,  March  1 :  The  examination  of  the  rig<ht  bank  was  continued;  that  por- 
tion lying  between  the  lower  portion  of  Lucas  Bend  and  Lazelle's  Landing  was  gone 
over. 

Friday,  March  2 :  The  portion  of  the  Saint  Francis  Front  situated  between  Lazelle's 
I^anding  and  Osceola  was  examined. 

Saturday,  March  3:  Coaled  steamer  at  Plum  Point.  The  work  extended  from  Os- 
ceola to  Eldorado. 

Sunday,  March  4 :  The  examination  of  the  right  bank  was  carried  to  Hopefteld 
Point.  Proceeded  to  Memphis,  and  telegraphed  the  office  as  per  instructions.  Found 
the  river  rising  at  Memphis:  lay  there  the  rest  of  the  day. 


rise 
bank 

tained  that  the  river  had  risen  7  inches  between  the  morning  of  the  3d  and  the  morn- 
ing of  the  5th  instant,  and  was  continuing  to  rise.  Lay  at  Norfolk  Landing  during 
the  night. 

Tuesday,  March  6 :  Lay  hero  all  day,  as  the  river  continued  to  rise. 

Wednesday,  March  7 :  The  rise  at  Norfolk  Landing  during  the  night  of  the  6th  and 
7th  was  but  slight,  and  the  news  from  Memphis  indicated  that  the  recent  rise  was 
caused  by  the  outtlow  from  the  Saint  Francis  Basin.  Examined  the  right  bank  from 
Graves  Bayou  to  Ashley  Point,  and  the  left  bank  from  Norfolk  Landing  to  Mhoon's 
Landing. 

Thursday,  March  8 :  The  right  bank  was  examined  from  Ashley  Point  to  the  month 
of  the  Saint  Francis  River,  and  the  left  bank  from  Mhoon's  Landing  to  Short  Stop. 
The  discharge  of  the  Saint  Francis  River  was  measured  at  a  point  about  )ii  miles 
above  its  mouth. 

Friday,  March  9 :  The  examination  of  the  Saint  Francis  Front  was  completed.  The 
section  of  rhe  Yazoo  Fnmt  comprised  l>etween  Short  Stop  and  Glendale  was  recon- 
noitered ;  the  levees  were  followed  systematically. 

Saturday,  March  10 :  The  examination  of  the  Yazoo  l^Yont  was  continued.  The 
levees  were  followed  from  Glentlale  to  Friars  Point. 

Sunday,  March  11 :  The  examination  of  the  Yazoo  Front  w^as  continued  and  carried 
to  Sunflower  Landing. 

Monday,  March  12:  The  examination  of  the  Yazoo  Front  was  continued.  The 
crevasse  at  Gilchrist,  3  miles  below  Australia,  was  gauged.  Inquiries  concerning  the 
state  of  the  levees  were  made,  and  they  were  reported  and  found  to  be  safe  to  Mound 
Place.  The  examination  of  the  Tensas  Front  was  commenced,  and  that  portion  situ- 
ated bet.  een  the  mouth  of  Cypress  Creek  and  Arkansas  City  was  inspected,  and  the 
discharge  along  it  ganged. 

Tuestlay,  March  13 :  On  the  Yazoo  Front  the  levee  was  reporte<1  and  found  to  be 
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intact  to  Greenville.    On  the  Tensas  Front  the  examination  was  carried  to  LelancVs 
Wednesday,  March  14  :  The  Tensas  Front  was  examined  from  Leland's  to  Wilson's 

Point.     On  the  Yazoo  Front  the  levees  were  safe. 
Thursdaj',  March  15  :  Coaled  eteamer.    The  Elleslie  crevasses,  on  the  Yazoo  Front, 

were  examined,  and  the  examination  of  the  Goodrich  crevasse,  on  the  Tensas  Front. 
«  was  commenced. 

Friday,  March  10  :  The  examination  of  the  Goodrich  crevasse  was  completed.    The 

levees  on  the  right  bank  were  reported  intact  to  Delta ;  the  Yazoo  River  was  gauged ; 

proceeded  to  Vicksburg,  where  orders  were  received  to  discontinue  the  woik.    The 

steamer  S.  C.  Baker  was  turned  over  to  the  captain  of  the  same,  as  x>er  instructions. 

METHODS  OF  OBSERVATIONS. 

The  method  of  observation  varied  with  the  character  of  the  outlet.  The  channels 
may  be  classified  as  follows : 

1.  Over  the  natural  surface  of  the  bank. 

2.  Over  the  top  of  the  levee. 

3.  Through  a  crevasse  in  the  levee. 

4.  Through  open  streams. 

(1.)  Ortr  the  natural  surface  of  the  hank. — The  mode  of  observing  for  this  character 
of  outlet  is  described  in  the  report  on  the  examination  of  the  Saint  Francis  Front  for 
the  flood  of  1882.  No  material  change  was  made  this  year,  with  the  exception  of  the 
omission  of  the  measurement  of  the  water  flowing  directly  over  points— that  is,  leav- 
ing the  river  on  the  upper  side,  to  return  immediately  on  the  lower  side,  without,  any 
increase  or  diminution  of  volume.  The  action  of  the  flood  of  1882  indicated  where 
this  could  be  safely  done. 

(2.)  Over  the  top  of  the  levee. — For  the  determination  of  the  discharge  occurring  over 
the  top  of  the  levee,  frequent  soundings  were  taken,  the  velocity  was  measured  with 
the  log,  and  the  length  of  submergence  with  the  stadia.  When  the  distance  was  too 
great  to  be  measured,  or  the  bends  in  the  levee  or  thickness  of  the  underbrush  pre- 
vented the  use  of  the  stadia,  then  the  length  of  overflow  was  estimated.  Whenever 
there  was  an  impoi^ant  change  either  in  the  depth  or  the  velocity  of  the  escaping 
water,  the  distances  applicable  to  the  other  elements  of  discharge  were  estimated. 
The  depth  and  velocity  for  continuous  submergence  of  the  levee  were  found  to  remain 
very  nearly  uniform.  This  may  be  due  to  the  fact  that  the  levees  were  built  to  a 
grade  which  is,  presumably,  equal  to  the  slope  of  the  river  at  high  water,  and  that 
there  was  but  little  variation  in  tbe  fall  of  the  water. 

(3.)  Crecasscin  the  leree.— The  discharge  of  a  crevasse  was  obtained  by  measuring 
its  width  with  the  stadia,  its  surface  velocity  with  the  log,  and  determiiiingits  mean 
depth  by  sounding  a  cross-section,  the  number  of  soundings  varying  with  ihe  size  of 
the  crevasse.  There  are  in  the  tabulation  two  discharges  which  were  not  obtained 
hy  direct  measurement  or  observation — the  Horn  Lake  crevasses  on  the  Yazoo  Front, 
and  the  Luna  crevasse  on  the  Tensas  Front.  A  personal  inspection  of  these  was 
omitted  on  account  of  the  reliable  information  received  concerning  tbem. 

(4.)  Open  ttreama. — In  the  case  of  small  open  streams,  a  cross-section  was  sounded, 
thii  soundings  being  placed  approximately  etjuidistant,  the  surface  velocity  was 
•Pleasured  with  tho  log,  and  th<;  width  was  estimated. 

In  the  gauging  of  the  Saint  Francis  and  Yazoo  rivers,  the  soundings  were  located 
*it  her  with  the  htadia  or  with  the  transit,  the  velocity  was  obtained  by  means  of  rod- 
floats,  and  the  width  of  the  cross-section  was  determined  by  stadia  measurement. 

COMPUTATION. 

'Jhe  following  formula  is  used  in  computing  discharge: 

Q  =  VXWXSXC; 
^'V'lierein: 

Q  =  discharge. 

V  =  measured  velocity. 

W  =  width  of  cross- section. 

8  =  mean  <lepth  of  cross-section. 

C  =  coeflicient  of  reduction. 
"The  following  fsa  list  of  coethcients  generally  used  in  the  computations: 
^or  open  streams,  mean  velocity  =  surface  velocity  X  .8. 
^^OT  crevasses  and  flow  over  the  levee,  mean  velocity  =  surface  velocity  X  .7. 
i-'or  discharge  over  tbe  bank,  mean  velocity  =  surface  velocity  X  .7;  and  effective 
^^«»a  =  measured  area  X  .IK 

Q  =  V  X  Wx  S  X  C,  where,  C  =  .65, 

Jin  special  cases  other  coefficients  are  used — for  instance,  for  the  escape  in  Beck- 
^•"ith's  Bend  (Saint  Francis  Front)  .5  is  used,  owing  to  the  great  amount  of  drift 


2620      REPOBT   OF    THE    CHIEF   OF    ENGINEEBS,  O.  B.  ARMY. 

which  was  Ijonked  up  against  tlie  timber,  aad  in  the  compntation  of  the  diiobiuge 
iif  the  Yazoo  River,  a  coofBcielit  of  .92  is  aseil  t<i  reduce  ineHsnreat  to  mean  velocity  od 
account  of  Mm  iintnersinn  of  tUu  nxl-floats. 


A  tublo  is  given  bolow  of  the  tulation  of  tlie  stages  of  the  flooila  of  1S82  ftnd  18S) 
from  Cairo  to  Vicksbnrg;  also  the  relation  of  the  stage  at  which  the  observfttiODs 
were  mode  to  that  of  tbe  maximnm  stage  of  this  ysar,  giving  the  i«apective  dates. 
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■AIKT    FRANCIS    FRONT,    COMMERCE,    MISSOURI,    TO    HELENA,    ARKANSAS.      GENERAL 

DESCRIPTION  OF  OVERFLOW. 

FroDl  Commerce,  Mo.,  to  within  five  miles  of  Bird's  Point,  there  was  no  appreciable 
eecape  from  the  river.  On  the  upper  side  of  Bird's  Point  there  was  a  large  quantity 
of  water  leaving  the  river,  the  greater  part  ot  which  returned  between  Bird's  Point 
Aod  O'Bryan's.  A  portion  of  O'Bryan's  farm  was  above  overflow.  From  O'Bryan's  to 
^he  lower  portion  of  Lucas  Bend  there  was  a  large  escape,  while  from  the  upper  side 
of  Belmont  Point  to  nearly  midway  of  Wolf  Island  chute  there  wa«  considerable  re- 
^nm  flow.  There  was  some  escape  in  the  lower  portion  of  Wolf  Island  Chute,  and 
<)aite  a  volnme  of  water  leaving  the  river  in  Beckwith's  Bend,  and  there  was  a  con- 
'^rnaous  return  flow  from  chute  of  Island  No.  6  to  the  middle  of  the  bend  of  Island  No. 
•6.  From  the  lower  portion  of  the  bend  of  No.  8  to  the  upper  side  of  Donaldson's  Point, 
m  large  escape  took  place,  while  there  was  a  vast  quantity  of  water  returning  to  the 
xiver  between  Donaldson's  Point  and  New  Madrid.  From  a  short  distance  below  New 
!Sfadrid  to  the  head  of  Island  No.  11,  the  bank  was  exposed  ;  from  Point  Pleasant  to 
J^hillips*  Landing  the  bank  was  overflowed ;  Ruddle's  Point  was  exposed. 

From  Stewart's  Landing  to  Craighead  Point  there  was  a  continuous  submergence  of 
^e  natural  bank,  but  there  was  not  a  movement  in  the  overflow  for  all  of  the  dibtauce, 
owing  to  the  action  of  the  levees  in  the  rear.  In  the  vicinity  of  Gayoso  there  was  a 
return  flow  during  the  maximum  stage  of  the  flood  of  1883,  while  at  the  observation 
stage,  and  presumably  at  the  maximum  stage  of  the  flood  of  1882,  there  was  an  escape 
from  the  river.  In  the  bend  of  Island  No.  34  there  were  only  three  small  crevasses. 
Morgan's  Point  was  submerged  on  the  upper  side  with  no  current  in  the  overflow,  the 
point  itself  was  exposed,  and  on  its  lower  side  there  was  a  slight  submergence.  There 
was  no  escape  or  return  flow  in  the  bend  of  No.  35.  From  Hampson  and  Ferguson's 
to  Pecan  Point  the  bank  was  mostly  out  of  water.  From  Pecan  Point  down  McGa- 
vock  chute,  and  round  the  old  bend  of  Island  No.  37  to  Viola  Landing,  the  right  bank 
was  2  feet  out  of  water.  From  Viola  Lauding  to  Pacific  Landing  there  was  no  over- 
flow. From  Turner's  woodyard  to  Hopefield  there  was  a  continuous  overflow.  There 
was  one  break  in  the  levee  on  the  lower  side  of  Hopefield  Point,  and  another  at  about 
the  middle  of  President's  Island  Bend,  through  both  of  which  the  water  was  flowing 
into  the  river. 

At  McConnell's  Landing  the  land  was  mostly  out  of  water,  but  where  it  was  over- 
flowed there  was  an  escape  taking  place.  From  McConnell's  to  Reeves'  the  levee  was 
not  submerged.  At  Harris'  and  below  Scanlan's,  the  overflow  was  stationary.  In 
Cow  Island  Bend  there  was  a  slight  escape,  and  the  levee  in  the  rear  of  Cat  Island 
was  intact.  From  Harcklerode's  to  Helena  there  was  a  continuous  overflow.  The 
Saint  Francis  River  was  gauged  at  a  x)oint  about  ^2^  miles  above  its  mouth,  where  the 
right  bank  was  exposed. 

The  examination  was  closed  by  observing  the  movement  of  the  overflow  along  the 
left  bank  of  the  Saint  Francis  from  the  location  of  the  discharge  section  to  its  mouth. 

RESULTS. 

Cubic  feet  per  secoDci 

Net  escape  or  probable  error,  Commerce  tc  New  Madrid 45, 000 

Summation  for  section  below  New  Madrid 

Escape  to  Phillips' 50,000 

Return  flow,  vicinity  of  Stewart's  Landing 10, 000 

Net  escape  at  Batsell's  Landing 40,000 

Eecape  Batsell's  to  Island  No.  14 90,000 

Escape  at  Island  No.  14 130,000 

Return  flow,  Gayoso 95,000 

Ket  escape,  Gayoso 35, 000 

Escape,  Bell's  Point  to  Wright's  Point 175,000 

Ket  escape  to  Wright's  Point 210,000 

Hetum  flow,  Bartield 25,000 

Ket  escape,  Barfield *. 185,000 

^Ucapefrom  Barfield  to  Daniel's  Point 48,000 

l^Iacape  from  Daniel's  Point  to  Lanier's 78, 000 

>^et  escape  at  Lanier*8 311,000 

Return  flow,  Beudof  No.  a5 2,000 

>^ct  escape  to  Pdean  Point 309,000 

^^scape,  Fogelman's  Chute  to  Hollybush  Landing 64, 000 
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Cable  fwt  per  Moond. 

Net  eKCupe  at  HoUybnsh  Laudiug 373,000 

Return  flow,  viciuity  of  Mound  City : 18,000 

Not  escape  at  Mound  City « 355,000 

Escape,  Mound  City  to  Hopeiield..-. 58,000 

Net  escape  at  Hopetield -..: 413,000 

Return  flow,  Hopeiield  to  McConuell's  , -     17, 000 

Not  escape  a1)ovo  McConnelPs 396,000 

£scai>e,  MeConnelPs  to  Graves  Bayou 13,  OtiO 

Net  e8cai)e  at  Graves  Bayou , 409, 000 

Net  escape  between  Graves  Bayou  and  Excelsior  P.  O 24, 000 

Net  escape  at  Council  Bend 4^13, 000 

Return  flow  in  Council  Bend 76,000 

Net  escape  at  Johnson\s  Landing 357, 000 

Kseap*'  from  Johnson's  l^anding  to  Walnut  Bend 114,000 

Net  oi<(;ai)e,  ht'ad  of  Walnut  Bend 471, 000 

Return  flow,  Walnut  Bnid 99,000 

Net  escape,  foot  of  Walnut  Bend ._ 372,000 

Return  flow,  Walnut  Bend  to  mouth  of  Saint  Francis  River ," 139,000 

Net  escape  at  the  mouth  of  Saint  Francis  River : . . .  233, 000 

The  ri<lgi*  on  which  New  Madiid  is  situated  was  not  covered  either  by  the  flood  of 
18S2  or  by  that  of  lS'i'^,  The  town  of  New  M<adrid  was  submerged  during  both  of 
the»e  th)odH,  but  its  site  is  not  on  the  crcKt  of  the  ridge.  It  bus  alho  been  learned 
from  rcliabh'  information  of  residents  of  this  section  that  little,  if  any,  overflow 
water  esc:ip<(l  ovrr  or  through  this  ridge  into  the  lower  section  of  the  Saint  Francis 
Bottoms.  Jn  vit  w  of  this  fact,  taken  in  connection  with  the  uncertainty  of  the  escape 
of  any  overflow  water  through  the  ('epression  between  Big  Prairie  and  the  ComniArce 
high  lan<l,  the  net  escami  of  45,0(10  cubic  feet  per  second  above  Now  Madrid,  as  ob; 
t  ained  iroui  the  observat  ions,  is  not  included  in  the  summation  of  net  escape  for  points 
below.  In  this  ronnection  tluTc  is  another  fact  to  bo  taken  into  account,  which  is, 
t  hat  t  he  rjuant  ity  of  '15,000  cubic  feet  i>er  second  represents  a  very  small  pi'obable  error 
in  thi*  measuieuK'Ut,  by  such  methods  as  were  used,  qf  1,870,000  cubic  feet  per  second, 
vvhich  is  the  arithmetical  sum  of  the  movement  of  overflow  taking  i)lace  over  the 
bank  of  the  river  between  Commerce  and  New  Madrid. 

SAINT  FRANCIS  RIVER. 

Cabio  feet  per  aecond. 

Measured  discharge 373, 000 

Supply  from  t he  net  escape  from  Mississipxn  River 233, 000 

Supply  from  other  sources,  or  excess  of  discharge 140, 000 

The  discharge  of  the  Saint  Francis  River  as  given  by  the  observations  of  March  8, 
l^r<:<,  is  greatly  in  excess  of  its  estimated  discharge  at  the  maximum  stage  of  thefloo4 
of  lHS2j  as  made  in  th»;  report  upon  the  same. 

The  maximum  stage  of  188:^,  at  the  discharge  section,  was  reported  to  be  1  foot  be- 
low the  maximum  stage  of  1882,  and  the  reconnaissance  of  the  Saint  l«^ancis  during 
the  flood  of  1882  was  made  at  a  stage  .8  foot  below  the  maximum  of  that  year,  so  that 
the  actual  stages  of  the  two  examinations  were  very  nearly  equal.  The  estimate  of 
the  discharge  for  1882  was,  to  a  certain  extent,  baKod  n\Hn\  the  discbarge  o1>8cr- 
vatiou  made  at  Madison,  as  there  was  no  available  outfit  for  gauging  the  Saint 
Francis  near  its  uH)uth  ;  a  scttion  was  sounded  at  about  the  same  idace  where  the 
discharge  was  <»l)serve(l  in  1>*8".>,  and  the  velocity  was  estimated  by  it«  apparent  rela- 
tio!i  to  t!ie  mea  nred  veloci'y  at  Mndison. 

The  J  nsiter  vehuit  y  <»f  the  liver  <lurin^  the  flood  of  1883  was  very  noticeable. 

The  excess  of  the  output  <)f  th«'  8aint  FranciH  over  the  net  escape  from  tbo  Missis- 
sippi Kiscr  iii.iy  rej>nseijt  thc^  ainoiiiit  contributed  by  the  tributaiies  uf  the  Saint 
I'riiiici*",  or  t  lirsc  plus  the  error  oI'iIm*  ilood  observ.itious,  or  it  m:iy  be  duo  to  llie  fmtt 
that  tin-  Saint  I'rancis  actually  carrieil  theescai)ing  water  at  amoi*e  rapid  rate  owing 
to  the  comparativtily  low  sta.'^e.  at  its  uuuith. 

The  following  table  of  change  of  stage,  shows  that  a  very  great  amoiint  of  water 
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iraa  dischar):ed  by  Iho  Saint  Faucis  Bivor,  from  whatever  source  it  waa  received, 
for  from  MoTcb  1-9  tho  river  oscillated  .15  foot  at  Meinpliia,  rose  ti.5  feet  at  Mbooo's, 
»ti(]  3.3  (eot  nt  Helena.  Tliim  after  tbe  cri'st  of  tli"  flooilwave.  as  propajjaled  down 
ttiu  rivtT  chanuel  proper,  bad  reacbed  Metupbis,  and  a,  full  bad  set  in,  tbe  rise  from  tbe 
Suint  FraucU  cans«il  an  increase  of  stage  in  tbe  Mississippi  as  far  above  its  tnoutb  as 
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Discharge  of  the  Saint  Frauds  River,  March  S,  1883. 


Partial 
croaa-sec- 
Mon  areaa, 

sq^nare 
leet. 

Measured 

velocity, 

feet  per 

Hecond. 

Partial 

discharge, 

cable  feet 

per 

aecond. 

134,090 

153,600 

116,754 

61,254 

11,660 

15.800 

13, 420 

7,380 

11.5 

10.0 

8,7 

8.3 

47,829 

465,608 

Coefficient  to  reduce  measnred  velocity  to  mean  velocity,  .8 ;  trne  discharge,  466,698  X  .8»37B,000 
cubic  feet  i>er  second ;  cross-section  area,  47,820  square  fi'^t ;  width,  835  feet;  meao depth,  57.8  feet t 
mean  velocity,  7.H  feet  per  second.    Stajre  (maximum  of  1883)  1  foot  lielow  high  water,  If^. 

The  discharge  section  was  located  at  the  Smiley  Plantation  about  2|  miles  above  the  month  of  the 
Saint  FrnneiHiviver.  The  right  bank  was  out  of  water  and  the  left  bank  was  covered  two  (2)  fert 
deep.  Tlic  base  line  was  located  on  the  left  bank  and  was  300  feet  long,  m^uiared  by  stadia.  Two 
parallel  i  nngc  lines  were  located  by  the  prismatic  compass.  The  angle  of  the  discharge  eection  and 
base  line  \va»  8lio  30'. 

Four  rod-floats  with  10  feet  immersion  wore  run ;  the  time  was  taken  with  an  ordinary  watoh.  The 
positions  of  soundings  and  their  distances  were  measured  by  stadia. 


YAZOO   FRONT. 

There  were  two  breaks  in  the  Horn  Lake  levee  which  were  of  the  same  dimeDsioDs 
as  those  that  occurred  during  the  flood  of  1882.  These  had  heen  niushly  repaired 
hy  the  inhabitants  after  the  Hiibsidence  of  the  flood  of  last  year,  bat  toe  new  work 
was  washed  away  by  the  hi;{h  water  of  this  year.  The  ontpnt  was  small,  and  capa- 
ble of  being  cared  for  by  the  local  drains,  until  the  river  ovemowed  the  bank  between 
Harklcrode's  and  Star  Landing,  when  it  was  backed  up  and  overflowed  a  considerable 
portion  of  the  De  Soto  Front.  •These  breaks  were  nijt  visited,  and  the  estimate  of 
their  discharge  was  made  from  information  received. 

A  portion  of  the  nnlcveed  bank  between  Norfolk  and  Star  Landings  was  barely 
covered,  with  no  ai)i)reciablc  current  in  the  overflow.  This  fact  will  account  for  the 
discrepancy  in  the  widths  of  '^otitlet  for  overflowed  banks''  that  exists  in  the  tabn- 
lated  results  of  the  floods  of  1882  and  1883. 

The  following  facts  were  obtained  concerning  the  action  of  the  river  at  Norfolk 
Landing  during  the  high  water  of  February  and  March,  188!).  From  February  2^  to 
March  2  the  river  was  stationary  ;  March  2  and  3  there  was  a  slight  fall ;  from  9  a.  m. 
March  3,  to  9  a.  m.  March  5,  there  was  a  rise  of  seven  (7)  inches  ;  March  5  to  7  there 
was  a  continuation  of  the  rise  ;  the  exact  amount  was  not  measured;  March  7  to  9 
there  was  a  rise  of  two  inches,  the  flood  reaching  its  maximum  on  March  9.  This 
data,  taken  in  connection  with  the  gauge-readings  at  Memphis,  Mhoon's,  and  Helena, 
shows  the  eflect  ot  the  return  flow  from  the  Saint  Francis  bottoms. 

From  a  short  distance  below  Star  Landing  to  I'i  miles  below  Commerce,  the  levee 
was  intact,  and  for  the  greater  part  of  this  stretch  almost  entirely  exposed  on  both 
sides. 

The  levees  were  followed  from  Commerce  to  Hulberton,  or  Hughes,  with  the  fol- 
lowing results:  From  2^  miles  below  Oounnerce  to  1  mile  below  Mhoon's  Landing 
there  were  49  outlets  through  which  the  water  was  escaping  from  the  river ;  fkt>ml 
mile  below  Mhoon^s  to  McKinney  Bayou  (inclusive)  there  were  11  inlets  through 
which  the  water  was  returning  to  the  river;  from  McKinney  Bayou  to  Glendale  there 
were  45  outlets  and  I  inh^t,  aud  from  Glendale  to  2  miles  above  Hulberton  there  were 
29  outlets. 

From  Hulberton  to  2  miles  above  Sunflower  Lauding  the  levees  were  intact,  but  a 
portion  of  this  tract  was  submerged  by  wat<?r  that  escaped  above. 

The  overflow  water  in  the  gap  of  2  miles  just  above  Sunflower  Lauding  was  sounded 
aud  found  to  have  no  appreciable  current.  There  were  reporteil  two  crevasses  in  the 
levee  which  joins  the  line  of  the  second  Missi.s8ip])i  levee  district  with  the  Totten 
Ridge.  Theue  were  not  visited,  as  the  water  escaping  through  thorn  had  already  been 
gauged. 


From  Sunflower  Landing  to  the  end 


id  of  the  second  levee  district  there  were  only 
iven  way;  i.  e.y  at  Gilchrist's,  a  short  distance 


two  localities  where  the  levee  had  g 

below  Australia,  there  was  oue  crevas.se,  au<l  at  Elle^lie,  opposite  Lake  Providence, 

there  were  three  crevasses.     These  were  visited  and  gauged. 

The  Yazoo  River  was  gauged  at  a  section  a  few  hundred  yards  below  the  deboacliuro 
of  Steele  Bayou. 


APPENDIX  W  W REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     2627 

RESULTS. 

The  detailed  estimates  for  the  discharge  of  all  outlets  will  be  found  in  the  tabula- 
tion, which  gives : 

1.  The  approximate  location  of  the  outlet. 

2.  The  character  of  the  outlet. 

3.  The  surface  velocity  of  the  water. 

4.  The  width  of  the  outlet. 

5.  Mean  depth  of  outlet.  ' 
G.  Coefficient  of  reduction. 

7.  Date  of  observation. 

8.  Stage  of  water  at  the  date  of  observation,  referred  to  the  maximum  of  1883. 

9.  Stage  of  water  at  the  date  of  observation,  referred  to  the  maximum  of  1882. 

10.  Direction  of  flow. 

11.  Discharge  and  partial  summation  of  discharges,  in  cubic  feet  per  second. 

12.  l^et  discharge,  in  cubic  feet  per  second. 

GENJERAL    SUMMATION. 

Cubic  feet  per  second. 

Escape  between  Horn  Lake  and  Star  Landing 13,000 

Escape  Commerce  to  Mboon's 137, 000 

Escape  to  Mhoon's 150,000 

Return  flow,  Mhoon's  to  McKinney  Bayou iHy  000 

Net  escape  to  McKinney  Bayou 102, 000 

Escape  between  McKinney  Bayou  and  Short  Stop 38, 000 

Escape  between  Short  Stop  andOlendale 151,000 

Net  escape  at  Glendale 291,000 

Escape  Glendale  to  Friar's  Point 158,000 

Escape  Friar's  Point  to  Hughes (>4,000 

Net  escape  at  Hughes 513, 000 

Escape  at  Gilchrist's 26,000 

Net  escape  at  Gilchrist's 539.000 

Escape  at  EllesUe 7,000 

Net  escape  into  the  Yazoo  Bottoms 546, 000 

ffidtha  of  auileta,— The  table  of  summation  of  the  width  of  overflow  is  made  for 
comparison  with  a  similar  table  in  Mr.  J.  B.  Johnson's  report  on  the  Yazoo  Front  for 
tbefloo<lof  lif82. 

The  increase  in  the  width  of  the  overflow  taking  place  over  the  levee  is  due  to  the 
fact  that  the  examination  of  this  year  was  made  at  a  stage  as  near  the  maximum  as 
was  practicable,  wbile  the  observation  stage  of  the  flood  of  1882  was  about  1  foot 
1>elow  tbe  maximum,  and  tbere  was  •  a  consequent  omission  of  considerable  portions 
that  were  submerged  at  the  higher  stage. 

ThesmaUer  distance  given  by  the  summation  of  the  widths  of  crevasses  is  due  to 
the  closure  of  the  breaks,  and  the  permanence  of  the  line  in  the  second  levee  district. 

Table  of  widths  of  overflow,  Yazoo  Front,  1863. 


Locality. 


Total 

Total  in  miles 


Horn  Lake  to  Mhoon*8 

If  booD*8  to  McKinney  Bayon. 
McKinney  Ba^rou  to  Glenuale 

Glendale  to  Friar's  Point 

Kriar'a  Point  to  Hughen 

Sanfk>wcr  Lantling 

GUchrist  and  Elleslie 


Movement 
of  overflow. 


Kind  of  ontlet. 


Over 
bank. 


FeeU 
0,700 


800 


Escape 

Kctumflow 

Escape 

Escape \ 

Escape  ...  I 

Stationary  . :  10, 500 
Escope  — !  


21.000 


Over 
levee. 


Feet 
3,500 
13, 800 
11/500 


1,700 


Through 
crevasses. 


30, 500 


5.8 


Feet. 
8,700 
1,400 
9,200 
3.500 
3,  GOO 


800 


Total  sub- 
mergence. 


Feet. 


21,900 

15.  200 

21,500 

:j,  500 

5,  :^oo 

10,  .'iOO 
800 


Miles. 


5.1 


14.0 


4.1 
2.9 
4.0 
0.7 
1.0 
2.0 
0.2 


27,  200  I  78,  7C0         14.  9 
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Discharge  of  the  Yazoo  Biverj  March  16,  1883—2  p.  m. 


LooaUty. 


Left  bank .. 

Do... 

Do... 
HiKbtbank. 

Total 


I 


1, 
2. 
3. 


16,640 
18,000 
12.920 


47,250 


^1^ 
It 


LG2 
L54 
LOO 


L40 
L42 
LOO 


2L000 
28,500 
12,000 


61,300 


Effectivo  -width  of  crosA-section,  773  feet;  area  of  cross-section,  47,250  square  feet;  mean  depth,  61.1 
feot;  mean  velocity,  1.3  feet  per  section;  coeiiicient  to  reduce  observed  Telocity  to  meaxu  .02;  dis- 
churgc,  01,300  cubic  ft>ot  per  second. 

Tho  discharge  section  was  located  15  miles,  approximately,  above  the  monthof  the  Ya«M>  Bivefr  and 
just  below  tlio  junction  of  Steele  Baj'ou. 

Tho  base  line  wan  located  on  the  left  bank  at  £.  Corwent's  Plantation;  the  right  bank  was  snb- 
mcrgi^d  G  feot.  and  the  leit  bank  was  exposed  0^  feet. 

The  stage  of  the  Yazoo  waH  roported  to  bo  8  feet,  approximately,  below  the  high  water  of  1882. 

Tho  velocity  was  moasnred  by  means  of  rod-fluats  immersed  15  feet,  timed  by  an  ordinary  watch ; 
locations  wore  made  with  a  transit ;  distances  were  measured  with  stadia. 

TEN8A8  FRONT. 

The  MiesisMippi  River  front,  of  tlie  Tensas  Bottom  extends  Arom  Cypress  Creek  to 
Red  Kiver. 

Tho  cxamin<ation  of  the  flood  was  made  only  as  far  as  Delta,  La.,  for  reasons  before 
mentioned. 

As  tbo  instructions  stated  explicitly  that  the  work  was  to  commeDoe  at  Cypress 
Creek,  no  ctfort  was  made  to  obtain  an  estimate  of  the  amonnt  of  water  on  the  bot- 
toms between  the  hills  and  the  mouth  of  Cypress  Creek,  a  distance  of  5  miles  in  an 
air  line.  Sncb  an  estimate  may  be  of  importance,  for  although  it  is  only  in  excep- 
tional cases  that  the  Mississippi  River  contributes,  still  there  is  a  considerable  inflow 
over  this  portion  of  the  front  tributary  to  the  Tensas  bottoms,  and,  were  it  pro- 
tected against  overflow,  all  of  the  water  that  now  escapes  wonld  become  tribntary  to 
tho  Mississip])!. 

RESULTS. 

The  overflow  water  in  the  Tensas  Bottom  for  the  portion  examined  was  reported  to 
be  relatively  bij;her  than  in  lc82. 

At  Arkansas  City  the  high  water  of  1883  was  .7  foot  lower  than  the  high  water 
of  1862,  while  the  height  of  the  water  in  the  rear  of  the  levee  was  .5  foot  lower  than 
in  1H82.  At  Goodrich's  the  high  water  of  lriH2  was  2.5  feet  higher  than  the  high  water 
of  lri83,  while  the  depth  of  the  overflow  on  the  plantation  was,  in  1882,  only  1.5  feet 
greater  than  in  lr83. 

The  estimates  for  the  discharge  of  all  outlets  will  be  found  in  the  tabulation,  whioh 
gives  the  same  details  as  are  mentioned  in  the  section  on  the  Tazoo  Front. 


GENERAL  SUMMATION, 


Flow  into  the,  river  fi-om  Wilburu's  to 
P^seape,  to  2  miles  below  Chicot 


Cnbic  feet  per  aeoond. 

3,ooa 

44,000 


Net  escape,  to  2  miles  below  Chicot 

Return  flow,  from  2  miles  below  Chicot  to  the  Gordon  Place. 


41,000 
48,000 


Net  flow  into  the  river  at  Gordon^s 
Escape,  Gordon's  to  Llewellyn's  ... 


7,000 
84,000 


Net  escape  at  Llewellyn's 

Return  flow,  Llewellyn's  to  Lin  wood 


77,000 
6,000 


Net  escape  at  Lin  wood 

Escape  at  Luna 

Escape  at  Whiskey  Chute 

Escape  at  Ashton 

Escape  at  Goodrich's 


71,000 
31,000 
3,000 
24,C0(^ 
59,009 


Net  escape  at  Goodrich's 188,00(F 
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5.— TaZOO,  TENSAS,  AND  ATCHAFALAYA  BASINS,  FLOOD  OF  1884. 

(By  John  Ewens,  United  States  Assistant  Engineer.) 

United  States  Steamer  Patrol, 

Awgwi  9,  1884. 

Sir  :  I  have  the  honor  to  submit  herewith  my  report  of  the  investigation  of  the  flood 
escape  into  the  Ynzoo  and  Tensas  Basins  during  nigh  water  of  1884 ;  also,  discharge 
measurements  made  on  the  Mississippi  River  at  various  points,  on  the  Saint  Francis 
and  Yazoo  Rivers,  and  in  Bayou  La  Fonrche,  together  with  tables  showing  maximain 
stages  of  the  river  at  various  points,  and  also  miscellaneous  crevasse  measureoieDts 
made  from  Memphis  to  New  Orleans.  All  done  in  accordance  with  yoar  instractions 
of  February  28,  1884. 

Very  respectfully,  your  obedient  servant, 

John  Ewbnb, 
United  States  Aeeietani  Engimeer. 
First  Lieut.  S>nTH  S.  Leach, 

Corps  of  Engineers^  U.  8,  Army^ 

Secretary  Mississippi  River  Commission.  * 


REPORT. 


I  received  iustrnctions  by  express  at  Memphis,  Tenn.,  on  the  evening  of  Fehroary 
27, 1884.  Preparations  wore  immediately  made,  and  party  left  the  morning  of  the 
'2tithy  nt  10  oVlock.  An  earlier  start  would  have  been  made  were  it  not  for  the  freez- 
ing cold  and  stormy  condition  of  the  weather.  My  iustrnctions  were  to  determine  the 
water  escape  into  the  Yazoo  Basin  from  Horn  Lake  to  Helen fi,  and  to  pay  no  attention 
to  the  Saint  Francis  side.  1  was  to  visit  all  crevasses,  now  or  old,  in  the  Yazoo  Front 
as  far  as  Cypress  Creek ;  to  ascertain  the  amount  of  water  going  through  the  levee 
from  Amos* Ridge  down  to  the  Mississippi  below  Sunflower,  on  the  Yazoo  side.  Re- 
))orted  crevasses  only  were  to  bo  visited.  The  flow  into  Tensas  from  Cypress  Creek 
to  Ashton  was  to  be  determined ;  below  Ashton,  on  the  Tensas  side,  reported  crevasses 
only  were  to  bo  visited  in  addition  to  the  above.  The  discharge  of  the  Mississippi  was 
to  be  measured  at  Hays'  Landing,  Mississippi.  The  discharge  of  the  Saint  Francis 
and  thoYazoo  Rivers  was  also  to  be  taken.  On  arriving  at  Vicksburg,  afrer  complet- 
ing the  work  noted  above,  instructions  wore  received  m>m  you  by  telegraph  to  con- 
tinue the  crevasse  discharge  measurements  and  flood  work  down  to  New  Orleans, 
which  was  done. 

Party, — The  work  was  accomplished  by  my  regular  engineering  party,  which  is 
composed  solely  of  the  regular  crew  of  the  United  States  steamer  Patrol.  The  steamer 
was  used  in  every  case  where  ])racticable,  but,  on  account  of  the  levees  being  situated 
back  from  the  river  front,  skifis  had  to  bo  employed  nearly  exclusively. 

In  general,  where  skill's  can  be  used  on  river  work  they  are  far  superior  to  any  other 
conveyance  for  rapid  work,  which,  in  turn,  means  economy  not  only  of  time  bat  fnel 
as  well. 

Method. — ^As  has  been  stated  above,  the  general  location  of  the  levees  made  it  nec- 
essary to  do  the  work  with  8kifl*s  the  great  part  of  the  distance  traversed.  As  the  out- 
lets were  principally  through  the  levees,  I  found  it  necessary  to  follow  tbem  inces- 
santly in  order  to  secure  complete  measurements  of  the  flood-escape  through  tliem. 
In  many  cases  I  found  the  levee  over  6  miles  back  from  the  river  bank.  This  was  tho 
case  particularly  in  bends  where,  for  economy  in  building,  they  were  rnn  across  the 
necks  or  ]>enin6nlas  at  these  i)oints.  Tho  plan  of  working  was  as  follows:  The  work 
of  each  day  was  so  arranged  that  the  steamer  could  be  sent  ahead  to  some  landing 
that  tho  field  party  in  all  probability  would  make  the  same  night;  this  arrangement 
reduced  the  fuel  ex))en8e  about  half,  and  retarded  the  wear  of  the  machinery  to  a  con- 
siderable extent.  The  work  on  each  outlet  consisted  of  a  preliminary  examination, 
which  included  the  nature  of  the  outlet,  its  cause,  its  present  and  probable  fatore 
efl'ect.  The  discharge  in  number  of  cubic  feet  of  water  passing  through  the  break  was 
then  determined.     The  details  of  this  work  were  as  follows: 

1.  The  section  width  of  'the  outlet  was  determined.  In  cases  where  the  section 
width  was  quite  great,  the  measurements  were  made  with  a  stadia  rod.  In  cases 
where  the  section  widtli  was,  say,  between  50  and  125  feet,  the  measurements  were 
made  with  the  sounding  line,  which  was  a  very  quick  yet  accurate  way  of  securing  it. 

2.  A  transverse  section  across  the  onth*t  was  next  souuded.  These  soundinKS  were 
taken  with  a  three-eighths  inch  cotttm  line  graduated  to  feet,  and  having  a  I&ponnd 
lead  attached.  In  taking  the  soundings  the  boat  was  kept  on  a  line  between  the  ends 
of  the  levee,  or  points  limiting  the  cross-section.    Where  the  carrent  was  too  swift  to 
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hold  up  against  it  the  sonndiDgs  were  taken  by  rnnning  np  above  the  section  and  then 
drifting  back  over  the  section.  A  snfficient  number  of  soundings  were  taken  to  give 
a  quite  well  defined  contour  of  the  bed  of  the  outlet. 

3.  The  surface  velocity  was  then  taken  at  as  many  points  of  the  section  as  possible. 
As  it  was  impossible  to  employ  floats,  a  device  known  as  ship's  log  was  used  in  taking 
the  velocity  observations.  This  device  is  made  of  wood^^and  consists  of  a  quarter  seg- 
ment of  a  circle  having  a  diameter  of  about  12  inches,  and  a  surface  thickness  of  1  inch. 
The  curved  edge  of  this  segment  is  covered  with  a  thin  sheet  of  lead  sufficient  to  give  it 
a  vertical  position  when  in  the  water.  This  log  is  attached  toafine  seagrass  line  by  three 
fine  wires.  Twoof  the  wires  are  detachable.  This  connection  at  the  apex  is  ma<le  per- 
manent, so  as  to  draw  in  the  log  when  the  observation  is  complete<l.  The  two  detacha- 
ble strings  that  connect  the  log  with  the  reel  line  terminate  in  two  corks,  which  tit  into 
two  holes  in  the  extremities  of  the  curved  and  weighted  part  of  the  log.  When  the  ob- 
s«*rvation  is  com]»lete,  a  slight  twitch  of  the  line  pulls  out  these  corks ;  the  log  by  this 
weans  is  easily  drawn  in,  as  it  is  in  this  condition  nothing  more  than  a  small  piece  of 
thin  board  floating  on  the  water  surface.  The  grass  line  to  which  the  log  is  attached 
is  rolle<l  in  on  an  ordinary  fishing  reel,  that  has  a  small  brake  or  clutch  attachment 
for  arresting  the  progress  of  the  line  at  any  desired  point.  The  line  is  gradujited  into 
feet;  every  tenth  foot  is  marked  by  pieces  of  line  of  color  diflVirent  from  that  of  the 
line,  and  from  each  other.  A  stop-watch  measuring  one-fifth  of  a  second  was  used 
in  taking  the  time.  The  point  of  section  where  the  velocity  was  to  be  determine*! 
having  been  selected,  the  skiff  was  held,  either  by  anchoring  or  by  holding  upon  the 
oars;  the  log  was  then  launched  and  allowed  a  preliminary  run  of  several  feet,  until 
it  adjusted  itself  to  the  natural  flow  of  the  water;  when  time  was  called,  the  stop- 
watch was  started,  and  the  foot-mark  or  fractional  division  of  the  line  thnt  left  the 
reel  at  same  instant  noted.  When  the  line  had  nearly  reached  its  limit  on  the 
reel,  time  was  called  again,  the  reel  brake  applied,  and  the  watch  stopped.  These  two 
quantities  being  determined,  the  surface  velocity  was  deduced  from  them.  In  taking 
these  observations  care  was  taken  to  avoid  the  influence  of  eddies  and  boils,  and  a 
reach  of  the  surface  over  which  the  velocity  was  visibly  uniform  was  always  sought 
after  and  used  where  possible.  In  addition  to  the  above,  the  following  points  which 
are  salient  in  crevasse  investigation  were  determined: 

1.  Was  the  flow  through  a  regular  break  or  over  the  lovee? 

2.  Was  the  flow  free,  or  was  it  retarded  by  obstructions  before  reaching  the  section  ; 
were  these  obstructions  in  the  bed  of  the  section ;  was  the  bed  of  the  section  a  natu- 
ral one,  or  was  it  covered  with  a  growth  of  young  trees  or  underbrush  ? 

3.  Was  the  direction  of  the  flow  normal  to,  or  at  an  angle  with,  section  line? 

4.  Were  there  eddies  or  boils  on  a  section  line  between  center  lines  of  the  two  ends 
of  the  levee,  or  limiting  ends  of  the  crevasse  section  ?  The  presence  or  absence  of 
these  would  indicate  whether  there  were  deep  holes  excavated  below  the  bed  proper 
of  the  section. 

The  necessity  of  strict  attention  to  all  these  details  must  be  obvious  to  any  one 
familiar  with  crevasse  work,  and  who  knows  how  uncertain  the  most  refined  field 
measurements  may  be  from  a  hydraulic  standpoint  when  formulated.  The  selection  of 
a  certain  stratum  for  velocity  as  described  above  may,  to  persons  inexperienced  in 
work  of  this  character,  seem  unnecessary.  Now,  the  uniform  stratum  of  water  rc- 
ferre<l  to,  and  over  which  the  velocity  should  be  taken,  is  generally  a  middle  section, 
whose  length  is  about  oue-thinl  the  distance  from  the  mouth  of  the  outlet,  out  to 
where  the  crevasse  influence  is  exerted  on  the  river  or  body  of  water  from  which  the 
water  flows.  I  mean,  that  if  this  distance  was  300  feet,  the  stratum  would  be  100 
feet  in  length,  and  its  commencement  would  be  100  feet  from  the  mouth  of  the  cre- 
vasse. In  the  Davis  crevasse  the  influence  of  the  draught  of  this  break  was  mani- 
fest about  300  feet  out  into  the  river;  the  distance  out  at  which  the  influence  is  felt 
varies  with  level  of  the  land  behind  the  crevasse,  and  the  width  of  the  crevasse  itself. 
The  lower  the  latter  the  greater  will  be  the  distance  at  which  the  draw  afiects  the 
body  of  water  which  feeds  the  break. 

Before  closing  the  discussion  on  the  velocity,  it  will  be  well  here  to  say  a  word  re- 
^rding  the  velocities  at  the  upper  and  lower  side  of  a  crevasse  section.  In  most  in- 
stances this  was  found  to  be  greater  on  the  upstream  end  of  the  crevasse  than  on  the 
lower  side.  A  skifi'  could  always  be  more  easily  cordelled  or  rowed  up  near  the  lower 
edge  of  the  break,  than  on  the  upper  side,  which  fact,  to  a  certain  extent,  practically 
proves  the  assertion.  I  attribute  this  to  the  fact,  that  the  water  that  flanks  the  river 
bank  in  the  upper  side  of  the  crevasse  has  the  efi'ect  of  the  draw  of  a  much  larger 
mass  of  moving  water  than  the  volume  that  flanks  the  lower  side,  i.  e.,  the  mass  of 
moving  water  that  enters  the  break  has  a  greater  moving  force.  The  result  of  this 
18  the  acceleration  of  the  mass  of  water  on  the  upper  side.  On  the  lower  side  the 
water  that  enters  the  break  is  affected  by  the  volume  that  endeavors  to  continue  down 
the  main  liver;  the  resultant  of  these  two  forces  causes  the  retardation  referred  to 
above,  and  in  consequence  of  which  we  find  a  diminution  of  velocity  at  the  lower  end 
of  the  break.    All  the  points  hinted  at  above  were  carefully  looked  after  in  the  work 
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of  wliicb  thi»  report  treats;  and  althoagh  work  of  this  character  will  always  have  a 
tinj^c  of  unreliability  about  it^  yet  when  the  details  are  zealonsly  attended  to  in  the 
field,  and  carefully  followed  in  every  particalar,  the  supposed  non-taDgible  qualities 
will  become  more  tangible. 

Calculation. — In  calculating  the  discharge,  the  usual  conventional  methotl  used  in 
computing  the  discharge  thix>ugh  a  regular  river  section  admitted  of  considerable 
niodificution.  Tbis  was  necessary,  as  the  conditions  are  (practically)  in  every  parti- 
cular different.  The  ratio  between  the  maximum  surface  velocity  and  the  true  mean 
velocity  bas  as  yet  been  but  arbitrarily  determined.  Water,  in  passing  through  a 
crev2i88o,  admits  of  every  degree  of  change  of  velocity  imaginable,  and  approximates 
to  that  of  the  velocity  when  flowing  through  a  natural  bed,  only  as  the  bed  of  the 
crevasse  approximates  to  a  natural  bottom.  Where  deep  holes  are  excavated  in  th» 
heart  of  the  break,  the  eddies  and  boils  these  holes  generate  upwards  have,  without 
doubt,  a  retarding  effect  on  the  velocity.  We  know  from  hydraulic  experiments  made 
at  Lowell  and  other  points,  that  water,  when  discharged  through  pipes  of  varying 
section,  loses  a  large  percentage  of  its  velocity.  The  flow  of  water  through  a  cre- 
vasse of  couHtantly  varying  section  can  be  reasonably  compared  to  a  semi-section  of 
such^i  pipe,  and  the  retardation  can  reasonably  be  assumed  to  be  one-half  also,  t.  e., 
in  that  ratio.  From  this  I  have  concluded  that  the  coefficient  used  in  the  compnta- 
tion  of  work  of  tbis  character  in  the  past  has  been  too  small.  I  think  a  coefficient 
of  0.86  will,  fnmi  the  knowledge  attainable  at  present  on  the  subject,  be  approxi- 
mately correct,  or  at  least  reasonably  so. 

In  using  the  coefli(;ient  no  distinction  was  made  for  cases  where  the  discharge  was 
over  the  bank,  t.  e.,  if  the  section  was  taken  near  the  edge,  as  in  such  cases  the  con- 
ditions would  be  analogous  to  the  one  discussed  above;  as  the  stratnm  of  water  be- 
neath the  bank  surface  in  impinging  against  the  banks  produces  retarding  elements  in 
the  shape  of  vertical  eddies  and  boils.  Just  the  same  as  when  the  flow  is  through  a 
regular  crevasse ;  this  was  visibly  the  case  at  all  poiuts  of  this  character  I  exam- 
ined. 

The  cross  section,  like  the  velocity,  is,  in  the  case  of  a  crevasse,  a  very  uncertain, 
if  not  altogether  a  variable  quantity.  In  my  work  I  endeavored  to  eliminate  errors 
in  sectional  area,  by  taking  sections  that  would  approximate  to  a  regular  river  sec- 
tion as  closely  as  possible.  In  crevnsses  where  deep  holes  were  scoured  out  between 
the  ends  of  the  levee,  and  l)elow  the  normal  bed  surface,  I  generally  took  a  section 
immediately  above  or  below  the  limiting  ends  of  the  outlet.  In  a  majority  of  cases 
the  levees  are  situated  a  number  of  miles  back  from  the  river,  and  run  through  dense 
woods.  In  these  oises  the  sectional  area  is  diminished  to  a  very  appreciable  extent 
by  obstructions  of  brush,  young  trees,  &c.  The  co-efficient  to  be  used  in  redaoing 
the  observed  to  the  efh>ctivo  area  must  be  a  very  variable  Quantity,  and  one  that 
must  be  determined  wholly  by  actual  observation  at  the  time  the  soundings  are  taken 
aii<l  section  width  determined. 

The  coeflicient  used  in  the  computation  of  areas  for  this  work  varied  from  10  to  60 
per  cent.  A  very  close  estimate  was  arrived  at  by  simply  noting  the  diameter  of  the 
brush  and  other  obstructing  material,  and  its  density  as  a  whole. 

Tabulation. — In  the  tabulation  found  on  the  succeeding  pages  the  arrangements 
wt*re  made  so  as  to  make  them  simple  for  immediate  comparison.  The  tables  con- 
tain— 

1.  Place  or  vicinity  of  break. 

2.  Date  of  examination. 

3.  Date  on  which  outlet  was  opened. 

4.  Nature  of  outlet. 

f).  Direction  of  escape. 

().  Stage  of  water  with  reference  to  its  maximum. 

7.  Width  of  oiillet  in  feet. 

8.  Area  of  outlet  in  square  feet. 

9.  Keduc<*d  mean  velocity  in  feet  per  second. 

10.  Discharge  in  cubic  feet  per  second. 

11.  General  remarks. 

The  suunuation  of  results  is  arranged  as  follows: 

1.  Name  of  swamp  basin. 

"2.  Reach  of  outlet. 

'A.  Distance  in  miles. 

4.  Total  section  width. 

.^).  Total  section  area. 

().  Total  discharge. 

Ftd lowing  this  is  a  table  of  high- water  stage  at  the  principal  points  on  the  Missis- 
sippi Kiver  during  the  three  last  great  floods.  I  give  these,  as  they  will  be  of  great 
interest  in  connection  with  other  data  contained  in  this  report. 

The  last  tabulation  is  one  of  discharges  tak(*n  on  the  Mis8issi|ipi  at  various  points, 
and  on  the  Saint  Francis  and  Yazoo  rivers,  and  on  Bayou  La  Fourche. 
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Summary  of  work  and  travel. 


liAft- 

Date. 

Time. 

Arrived — 

Date. 

Time. 

Distance. 

Memphis,  Tenn 

Viduborg,  Miss 

Fob.  28 
Mar.  19 

10  a.m. 
2.30  p.m. 

Yicksborg,  Miss 

Davis  Crevasse 

Mar.  18 
Mar.27 

1. 25  p.  m. 
8  a.m. 

Miles. 
368.8 
353 

Crevastffs  examined. — On  Yazoo  Front,  116 ;  ou  Tensas  Front,  48. 

Discharges  taken. — Mississippi  River,  at  Hays'  Landing,  Miss.;  Mississippi  River, 
at  Red  River  Landing,  Louisiana ;  Mississippi  River,  at  Currollton,  La. ;  Saint  Francis 
River,  at  Westbrook,  Ark. ;  Yazoo  River,  near  Chickasaw  Bayoa ;  Bayon  La  Fourche, 
near  Tliibodeaux,  La. 

Description  of  the  flood  on  the  Yazoo  Front. — The  Yazoo  Front  proper  is  situated  on  the 
left  bank  of  the  Mississippi  River,  and  extends  from  Memphis,  Tenn.,  to  Vicksburg, 
Miss.  The  portion  examined  in  particular  was  that  included  between  Horn  Lake  and 
Glendale,  Miss.  The  discharge  over  this  front  into  the  Yazoo  swamp  was  principally 
thiongh  breaks  in  the  levee.  The  first  crevasse  found  was  on  Horn  Lake.  From  the 
latter  point  to  Star  Landing  the  water  was  over  the  bank  at  various  points,  but  there 
was  no  perceptible  discharge  into  the  swamp.  About  half  a  milo  above  Star  Landing 
there  were  two  depressions  in  the  ground  through  which  the  river  was  discharging 
an  inappreciable  volume  of  water  into  the  swamp.  Below  this  landing  I  found  an 
old  slough  bottom  which  heretofore  has  been  shut  off  from  the  river  by  a  levee,  which, 
though  Hooded,  was  currentless.  From  Star  Landing  to  a  point  about  one  mile  below 
Mhoon's,  Miss.,  I  found  a  series  of  nearly  70  regular  outlets  formed  by  breaks  in  the 
levce,  and  through  which  the  river  was  discharging  large  volumes  of  water  into  the 
swamp.  The  width  of  these  breaks  varied  from  5  to  3,000  feet ;  the  largest  one  was 
at  Mhoon's  Landing.  The  dense  timber  land  that  intervenes  between  the  river  and  the 
level  above  Mboon's  reduces  greatly  the  discharge  the  river  would  make  into  the  basin 
in  this  reach.  The  outlets  on  the  reach  just  described  were,  in  a  majority  of  cases, 
cansed  first  by  the  water  running  over  the  levee  at  points  of  low  grade,  this  continued 
washing  finally  causing  a  large  crevasse.  In  general,  the  crevasses  on  this  reach 
can  be  considered  due  wholly  to  the  negligence  of  the  parties  whom  the  levees  pro- 
tect, as  the  breaks  could  never  have  occurred  by  the  simple  pressure  of  the  water 
against  the  levee.  The  points  of  low  grade  referred  to  above  are  places  where  the 
traffic  across  the  levce  has  been  concentrated.  In  mauy  places  great  holes  were  caused 
by  hauling  logs  across  the  levee. 

From  the  crevasse  one  mile  below  Mhoon's  to  a  point  2^  miles  above  Austin,  the 
direction  of  the  fiow  is  reversed ;  the  water  from  the  swamp  was  found  to  be  return- 
ing to  the  river.  The  discharge,  in  a  majority  of  cases,  was  by  the  water  running 
over  the  top  of  the  levee.  About  twelve  regular  breaks  were  found  on  this  reach,  the 
largest  of  which  was  McKinney  Bayou,  situated  about  two  and  one-half  miles  above 
the  town  of  Austin.  This  bayou  was  leveed,  but  broke  in  186*2.  Its  width  at  date  of 
examination  was  321  feet ;  the  maximum  depth  of  water  found  in  it  was  27  feet.  Be- 
fore it  broke,  the  levee  had  a  culvert  in  it  for  carrying  the  swamp  water  back  into  the 
river.  About  4  miles  below  Mhoon's,  the  levee  described  above  connects  with  a  high 
ridge  of  ground  which  attains  its  maximum  elevation  on  the  widow  Sciunders's  place. 
This  ridge  forms  a  levee  for  about  2  miles,  when  (the  ground  becoming  low)  it  connects 
again  with  the  levee.  From  McKinney  Bayou  down,  the  direction  of  the  now  changes 
again,  the  river  discharging  into  the  swamp.  From  Austin  to  O.  K.  Landing  five 
outlets  were  found,  the  largest  of  which  were  the  first  one  below  the  court-house  at 
Austin,  and  the  one  at  Denmark.  From  O.  K.  Landing  down  to  the  junction  of 
Flower  Lake  and  Neil's  Bayou,  sixteen  crevasses  were  lound ;  the  largest  of  these 
outlet.s  were  found  on  the  shore  of  Flower  Lake.  The  largest  one  of  the  whole  series 
was  at  the  lower  end  of  the  lake ;  its  width  was  H53  feet,  its  maximum  depth  55.5  feet. 
The  discharge  through  the  breaks  in  Flower  lake  was  very  great,  a  fact  I  think  due 
to  the  great  reservoir  pressure  the  lake  exerts  against  the  levee.  From  the  lower 
end  of  Flower  Lake  to  Trotter's,  nine  outlets  were  examined,  the  largest  of  which 
was  the  immense  break  at  Trotter's,  where  the  levee  has  caved  into  the  river.  From 
Trotter's  to  Glendale,  opposite  Helena,  the  point  which  limits  the  special  examination 
of  the  Yazoo  Front,  the  crevassus  found  were  located  along  Eagle  Lake,  the  largest 
l>eing  at  Ferguson's  gin-house.  The  water  was  also  running  over  the  levee  at 
many  places.  From  Glendale  to  Friar's  Point  the  crevasses,  though  smaller  in  num- 
ber, are  very  large  and  more  destructive.  The  first  crevasses  met  with  after 
leaving  Glendale,  are  the  two  on  the  Thompson  ])lace;  then  come  the  three  Rozeil 
breaks  near  Delta,  and  then  the  Fant  break.  From  Friar's  Point  to  Hulberton 
a  series  of  seventeen  outlets  were  visited,  twelve  of  which  were  what  is  known  as  the 
Garth  break ,  and  five  of  which  compose  what  is  termed  the  McLeod  break.    The  lat- 
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ter  breaks  are  near  the  head  of  leland  No.  63.  From  Hulberton  to  Sanflower  Land- 
innj  the  ouly  outlet  is  what  is  termed  the  "  Lewis  Swamp.'*  The  river  boundary  of 
this  swamp  begins  at  Hushpnckana  Creek  and  extends  up  the  river  a  distance  of  over 
5  miles.  No  perceptible  discharge  could  be  detected  in  this  front.  The  flow  was  ont^ 
ward  from  llushpuckana  Creek  on  date  of  examination,  March  10.  From  Sunflower 
to  Prentiss  the  Hughes  break  in  Vermillion  Lake  was  the  only  one  found.  This  break 
occurred  early  on  the  morning  of  February  29 ;  it  was  caused,  it  is  said,  by  a  craw- 
iish  hole.  Tlio  crevasse  was  7(^  feet  wide  ;  the  water  discharged  throutj^h  it  passes 
dowu  Clear  Creek,  and  from  thence  into  Bogue  Phalia,  the  latt4;r  a  ver^'  deep  stream. 
From  Prentiss  to  Vicksburg  no  crevasses  were  reported.  There  are,  however,  several 
small  outlets  from  Chotard's  to  the  mouth  of  the  Yazoo,  but  nothing  s^riona.  From 
Hays*  Landing  to  tlie  mouth  of  the  Yazoo  River,  what  escape  exists,  flows  from  the 
river  into  the  Yazoo  Basin.  During  the  great  flood  of  1882,  the  flow  over  this  por- 
tion of  the  Yazoo  front  was  reversed,  the  swamp  wat-er  returning  to  the  river. 

DcHcripiion  of  the  flood  an  the  right  bank^from  Helena  to  the  mouth  of  C^prtM  Creek. — 
On  the  reach  from  Helena  to  Cypress  Creek  no  discharge  into  the  swamp  was  found. 
On  the  contrary,  the  swamp  water  was  coming  into  the  river  at  many  points  from 
Mo<ioe,  Arkansas,  dowu  to  Cypress  Creek ;  the  flow  is  greatest  ou  the  reach  from 
Ludlow's  down.  This  swamp  discharge  comes  principally  from  the  White  River  Ba- 
sin, which  runs  jiarallel  to,  and  only  a  short  distance  from  the  Mississippi  River  along 
the  reach  referred  to.  It  seemed  to  be  more  marked  in  the  vicinity  of  Island  No.  6^ 
than  at  any  other  place. 

Flood  on  the  Tnisas  Front,  general  description. — The  portion  of  this  front  that  is 
bounded  by  the  Misaissip]u  River,  is  situated  on  the  right  bank,  and  begins  properly 
at  the  point  where  Amos  Ridg<\joi  s  the  great  Opossum  Fork  levee,  and  extends  down 
to  the  right  bank  of  Shreve/s  Oid  River,  just  above  Red  River  Landing.  Amos  Ridge 
is  a  high  neck  of  land  that  borders  the  lower  side  of  Amos  Bayou.  The  point  where 
it  intersects  the  Opossum  Fork  levee,  which  point  limits  the  overflow  into  Teneas  Ba- 
sin, is  situated  about  0  miles  from  tin?  Mississippi  River,  and  is  about  3  miles  from 
the  point  where  (.'ypress  Creek,  Red  I'ork  Bayou,  and  Boggy  Bayou  all  come  together. 
Cypress  Cre<'k.  after  leaving  the  Mississippi  River,  runs  in  a  direction  nearly  iwrallol 
to  it  for  a  distance  of  nearly  f)  miles:  it  then  turns  rather  abruptly  and  runs  nearly 
at  right  angles  for  a  distance  of  about  onelialf  mile,  when  it  changes  its  course  rather 
sharply  again,  and  runs  with  and  nearly  ])aralle]  to  Red  Fork  Bayou.  The  latter 
empties  into  Cyi)re8P  Cn'ek  at  the  iirst  of  the  sharp  turns  referred  to.  At  the  poiut 
where  Cypress  (.'reek  makes  the  second  sharp  turn  and  runs  nearly  parallel  to  Red 
Fork  Bayou,  Boggy  Bayou  begins,  and  runs  south  until  it  joins  Amos  Bayou.  The 
Hood  water  that  fee<ls  the  breaks  along  this  levee  comes  principally  from  the  Arkan- 
sas River.  The  stag(*  of  water  in  this  district  reache<l  itt*  maximum  before  the  Mis- 
sissippi had  attained  its  extreme  height.  The  water^  after  passing  through  the 
breaks  in  the.  levee,  from  Amos  Ridge  down  to  the  Mit^sissippi,  flows  over  the  Tensas 
swamp  lands.  A  largit  portion  gets  into  tbe  Tensas  Basin  direct  through  Bayou  Ma- 
Von  and  other  (tontiguons  outlets,  while  a  considerable  volume  reaches  the  Mississippi 
again  via  Boggy  Bayou,  near  Island  No.  cH).  Fnmi  Aiknnsas  City  up  to  the  Opossum 
Fork  levee  on  Cy])re»s  Creek,  the  levee  is  nothing  more  than  the  old  bed  of  the  Little 
Rock,  Mis8issip])i  Riv-er  and  Texas  Kailroad. 

From  Amos  Ridge  to  the  mouth  of  Cypress  Creek  this  escape  is  principally  through 
the  large  breaks  in  tli<^  levee.  From  the  mouth  of  Cypress  Creek  to  Arkansas  City 
tho  escape  is  principally  over  the  top  of  the  levee,  there  being  but  few  breaks  of  any 
magnitude.  From  Amos  Ridge  to  a  point  about  one  mile  below  Chicot  City,  the  dis- 
charge was  into  the  swamp.  From  the  latter  point  to  Boggy  Bayou,  just  below  Ar- 
kansas City,  the  direction  of  the  How  was  reversed  by  the  swamp  water  returning  to 
the  Mississippi  River.  From  Boggy  Bayon  to  Sterling  the  direction  of  the  escape 
again  changes;  over  this  reach  the  river  was  discharging  into  the  swamps.  From 
Sterling  to  Ashton  the  change  (►f  How  o<-curs  again,  the  swamp  wat^er  retumini;  to 
the  river  through  about  twelvti  large  breaks  in  the  levee,  the  largest  of  which  is  Just 
below  Gray's  store.  From  Ashton  to  the  mouth  of  Ohl  Kiver  live  outlets  were  found. 
These  were  at  Hardscrabbh^,  Boufi^re  to  Union  Point.  Black  Hawk  to  Point  Breeze, 
Point  Breeze  to  mouth  of  Old  River.  The  escape  through  all  these  outlets  was  over 
the  bank  i)ro])er,  the  levees  having  caved  into  the  river.  The  water  discharged 
through  the  Hardserabble  break  passes  directly  into  Lake  Saint  Joseph,  and  from 
thence  by  numerous  lakes  and  bayous  into  the  Tensas  Basin.  The  water  discharged 
through  the  remaining  breaks,  down  to  a  point  about  one  mile  above  Point  Breeze, 
passes  into  Red  River  basin.  From  the  latt<'r  point  to  Red  River  Landing,  the  direc- 
tion of  the  discharge  is  changed.  The  swamp,  or  Red  River  water,  over  this  reach 
was  found  emptying  into  the  Mississippi.  The  discharge  was  outward  from  Old  River 
on  date  of  examination  (March  21,  14r<4).  1  was  inforihed  that  the  change  of  flow  iu 
Old  River  and  across  the  peninsula  referred  to  took  place  ou  March  1*2,  lHd4.  Previ- 
ous to  that  date  the  Mississi[)pi  was  discharging  into  the  swamj)  over  t)ie  rei^cb  ft)*" 
ferred  to,  and  through  Old  River  also. 
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DSSCBIPnON  OF  FLOOD  ON    RIGHT   BANK    FROM  RED   RIVER   LANDING   TO    NEW  Olt- 

LEANS. 

The  first  crevasse  below  Red  River  Landing  was  the  one  ou  the  Batchelor  place; 
this  break  was  a  very  small  one  and  did  little  or  no  damage.  The  next  was  the  Mor- 
ganza,  discharging  directly  into  Grand  River,  and  from  tbcncu  into  the  Atchafalaya 
swamp.  It  floods  a  portion  of  Point  Conpee,  Iberville,  West  Baton  Rouge,  and  Saint 
Landry  Parishes.  This  break  occurredon  the  evening  of  March  14.  The  fir^t  intimation 
the  levee  watchers  had  of  the  break  was  the  sudden  appearance  of  a  stream  of  water 
spouting  up  Irom  one  of  tbo  borrow  pits  on  the  iuside  and  about  seventy  feet  from 
the  base  of  the  levee.  This  stream  of  water  kept  growing  larger  until  it  reached  the 
base  of  the  levee,  when  all  at  once  the  levee  proper  at  this  point  gave  way.  The 
break  occurred  at  a  point  where  it  was  least  expected,  and  at  wbat  was  supposed  to 
be  the  safest  part  of  the  levee.  The  levee,  before  the  break  occurred,  was  a  picture 
of  strength ;  it  was  perfectly  dry  and  stood  from  five  to  six  feet  above  the  water  sur- 
face. The  cause  assigned  for  the  crevasse  was  a  deep  bed  of  quicksand  that  existed 
below  the  muck  ditch,  and  which  connected  with  the  bed  of  the  river.  This  crevasse 
raised  the  flood  surface  in  Bayou  Plaquemine  materially.  The  uext  crevasse  met 
with  was  at  Waterloo,  seven  miles  below  Bayou  Sara,  and  occurred  on  the  evening 
of  March  23.  The  main  levee  at  this  point  is  some  distance  back  from  the  river,  but 
there  is  a  protection  levee  on  the  river  front.  The  latter  gave  way  and  precipitated 
a  volume  of  water  against  the  levee  proper  sufficient  to  break  it.  The  levee  on  the 
river  front  served  as  a  dike  commanding  the  upper  mouth  of  False  River,  was  built 
in  1850,  was  25  feet  high,  and  had  a  very  broad  base.  The  breaks  were  due  to  an  im- 
perfectly constructed  rice  flume  in  the  levee.  This  break  is  very  apt  to  cause  breaks 
in  the  protection  levee  at  GrosseT6te,  and  thus  overflow  that  valuable  country.  The 
water  disobarged  through  this  crevasse  takes  the  same  course  as  the  wat.er  discharged 
through  the  Scott  levee  took  in  1882;  it  will  aflect  the  river  front  and  all  the  places 
on  the  Chenille.  The  succeeding  outlet  was  found  on  the  Belle  Air  sugar  plantation, 
5  miles  above  Baton  Rouge.  This  crevasse  occurred  on. the  morning  of  March  18. 
The  cause  of  this  break  was  attributed  to  a  crawfish  hole  in  the  levee.  All  the  fine 
sugar  places  in  the  immediate  vicinity  were  under  water  from  this  break.  This  cre- 
vasse affects  about  the  name  parishes  that  Morgan za  does. 

The  next  crevasses  examined  were  those  on  the  Guidry  place,  nearly  opposite  Con- 
vent, La.  These  breaks  happened  on  the  night  of  March  25,  and  were  caused  by  the 
bursting  of  a  rice  flume  built  in  the  levee.  The  last  crevasse  on  this  bank  of  the 
river  was  the  great  Davis  crevasse,  situated  at  the  railroad  station  of  same  name,  in 
the  Parish  of  Saint  Charles,  and  about  21  miles  from  New  Orleans.  It  occurred  on 
March  15,  and  was  caused  by  the  levee  giving  away  at  a  point  where  an  old  rice 
flume  had  been  removed  a  few  montbs  previous  to  the  high  water.  When  the  flume 
was  taken  out,  the  place  left  was  tilled  in  with  fresh  dirt,  and  not  protected.  The 
residents  in  the  vicinity  attribute  the  break  to  a  muskrat  hole.  These  animals  were 
very  numerous  in  the  vicinity,  and  it  is  a  well-known  fact  that  they  seek  haunts 
formed  of  earth  that  has  been  displaced  and  transported  from  one  place  to  another. 
The  water  discharged  through  this  crevasse  passes  directly  into  numerous  lakes  and 
small  bayons,  and  trom  thenco  into  the  Gulf.  This  crevasse  floods  completely  the  par- 
ishes of  Saint  Charles  and  Jetferson.  It  floods  also  the  Yacherie  settlement  in  Saint 
James  Parish,  and  it  backs  the  water  up  to  a  dangerous  height  in  the  rear  of  Algiers. 
It  also  backs  up  the  crevasse  water  that  comes  through  breaks  on  the  La  Fourche, 
and  thus  raises  the  flood  height  of  water  inside  of  the  levee  on  the  La  Fourche. 

Levees. — The  location  and  course  of  the  levee  system  along  tbe  river  has  been  so 
folly  described  in  previous  reports  of  surveys,  &c.,  that  a  description  of  them  in  this 
regard  is  unnecessary  here.  But  a  brief  description  of  their  condition  at  prominent 
points,  with  a  few  facts  regarding  their  failure  at  many  places  during  tbe  high  water 
of  this  year,  will,  I  think,  be  of  interest  if  not  of  importance  here.  With  the  excep- 
tion of  a  fbw  points  where  the  levee  was  close  to  the  bank  and  had  caved  off,  I  found 
the  most  disastrous  crevasses  were  situated  at  considerable  distances  back  from  the 
river,  and  had  dense  woods  intervening  between  them  and  the  Mississippi,  which  pro- 
tect them  from  the  wash  of  the  waves  and  materially  from  water  pressure  against 
their  fronts.  They  had  also  a  dense  growth  of  Bermuda  sod  ou  them,  in  front  and 
back  of  them.  It  will  be  seen  from  this  that  where  the  most  crevasses  were  there 
"was  a  larger  number  of  safety  factors.  If  levees  failed  wuth  these  natural  protective 
adjuncts,  it  would  be  useless  fo  build  them.  The  cause  of  the  breaks  can  be  attrib- 
ate<l  simply  to  the  abandonment  and  negl«;ct  of  the  levees  by  those  whom  they  protect. 

Beginning  at  Commerce,  we  find  a  levee  protected  nearly  to  Mhoon's  by  a  dense 
woods  on  the  river  front.  The  breaks  in  this  levee  were  all  artifical  ones,  t.  c,  they 
occurred  at  points  where  the  levee  had  lieeu  worn  by  hauling  logs,  &c.,  across  it,  and 
by  depredations  of  stock.  As  the  river  rose,  incipient  breaks,  that  a  shovelful  of  dirt 
applied  at  the  proper  time  would  have  obliterated,  developed  with  the  rise  of  the 
water  into  formidable  crevasses. 
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From  Mhoon's  to  AiiBtin  wo  find  a  Himilar  state  of  affairs ;  the  levee,  from  a  pro- 
tective view,  is  similarly  situated  to  the  one  jnst  described,  bat  was  a  mach  finer  one. 
The  escape  was  principally  over  the  top.  The  groand  over  which  the  levee  rons  is 
very  hij^h;  at  one  point  There  is  a  stretch  on  a  ridge  of  nearly  2  miles,  where  the 
CTOiind  itself  is  nearly  above  liij^h- water  mark.  On  the  reach  jnst  mentioned,  which 
IS  abont  6  miles  long,  2  feet  of  earth  thrown  np  loosely  woald  have  prot^oted  the 
conntry  from  overflow  the  greater  part  of  the  way. 

From  Austin  down  to  Flower  Lake,  the  levee  is  a  beautifnl  one;  at  flood  st-ase  it  is 
nearly  3  feet  above  the  water  tlio  greater  part  of  the  way,  and  has  a  dense  tnicket 
interi'ening  between  it  and  the  river.  The  breaks  were  very  small,  and  conld  have 
been  easily  repaired .  From  Flower  Lake  to  Glendale,  with  the  exception  of  the  break 
at  Trotter's,  where  the  leveo  has  caved  into  the  river,  the  levee  was  in  quite  good 
condition,  the  breaks  were  not  serious,  and  the  place  where  the  water  was  mnning 
over  the  top  was  not  very  deep.  Along  Flower  Lake  the  levee  was  an  nnosnally  fine 
one,  and  was  about  4  feet  above  the  high-water  mark.  It  will  be  seen  from  this  that 
the  crevasses  from  Horn  Lake  to  Helena,  which  is  the  principal  part  of  the  Tazoo 
front,  were  not  due  to  the  pressure  or  ravages  of  flood  water,  but  solely  to  simple 
neglect  in  caring  for  the  levees  during  the  low-water  season.  I  speak  particularly  of 
this  reach,  as  it  is  so  often  brought  u])  to  confront  arguments  in  favor  of  levees,  and 
to  persons  who  are  not  familiar  with  the  groand  itself,  and  who  know  not  the  facts 
as  they  are. 

The  large  number  of  breaks  in  this  reach  would  furnish  material  for  a  very  formi- 
dable argument  against  the  utility  and  possible  efliciency  of  levees  in  keeping  oat  the 
waters  of  great  floods.  On  the  Tensas  Front,  from  the  month  of  Cypress  Creek  down, 
we  find  a  quite  similar  state  of  afl^uirs.  Taking  the  reach  from  the  creek  to  Arkansas 
City,  we  find  a  levee  which  is  nothing  more  than  an  old  railroad  bed,  over  which  the 
river  is  pouring,  but  a  shallow  depth  of  water,  which  a  few  feet  of  dirt  on  top  would 
easily  k<'ep  out.  From  Arkansas  City  to  Gaines  Landing,  wc  find  the  levee  is  situ- 
ated back  in  the  timber,  and  is  as  well  protected  from  the  river  as  the  levees  previ- 
ously referred  to,  yet  we  find  breaks  numerous,  and  from  causes  similar  to  those  just 
menti(uuMi.  The  etfect  floods  hav<i  on  levees  protected  by  intervening  woods  having 
been  discussed,  a  few  words  regarding  levees  situated  on  the  immediate  river  front, 
and  subject  to  all  the  forces  the  winds  and  water  can  generates  is  necessary  to  com- 
plete the  discussion.  The  breaks  between  the  mouth  of  Red  River  and  New  Orleans 
for  this  otiered  the  best  tield  of  comparison,  as  they  are  nearly  all  on  the  river  front. 

On  this  reach  we  have  a  levee  front  of  nearly  108.2  miles  on  both  banks,  which 
represent  an  ajigregate  of  3l*(>.4  miles.  On  this  stretch  we  have  six  breaks  that  will  not 
aggregate  in  length  3  miles.  Three  of  these  breaks  were  due  wholly  to  defective  rice- 
flumj's  in  the  hn-ees,  two  to  the  dei)redations  of  craw^fish,  and  one,  the  Morgansa,  which 
was  the  only  one  that  was  not  directly  on  the  river,  was  said  to  have  been  caused  by 
the  action  of  a  bed  of  quicksand  beneath  the  base  of  the  levee. 

From  this  it  will  bo  seen  that  not  one  of  the  breaks  on  this  vast  stretch  of  river  waa 
cansed  by  the  action  of  the  flood  water  direct,  and  all,  with  but  one  exception,  were 
duo  sim])ly  to  neglect  befoni  the  flood,  and  lack  of  vigilance  after  the  flood  had  ar- 
rived. People  who  liave  lived  for  years  right  at  the  D^vis  crevasse,  which  was  the 
most  disastrous  one  of  the  late  flood,  informed  me  that  for  several  flood  seasons^  when 
the  old  rice  flume  was  in  the  levee,  they  feared  a  break,  but  by  watching  it  vigilantly 
they  ])revented  it.  Before  the  past  flood  arrived,  the  family  who  had  been  instrumen- 
tal in  prevent  ing  this  crevasse  during  previous  floods  moved ;  the  result  was,  thelevee 
was  not  pro]»erlystrengtliened  or  guarded,  and  a  disiistrous  crevasse  wasthe  fruit  of  this 
neglect.  As  a  more  conclusive  proof  that  breaks  orcnivasses  at  flood  stages  of  the  river 
are  due  to  lack  of  watchfulness  and  care,  rather  than  to  the  ravages  of  the  river  itself, 
I  conld  r<*fer  to  the  river  front  on  the  left  bank  from  Baton  Rouge  down  to  New  Or- 
leans. This  side  of  the  river  has  been  noted  for  its  crevasees,  among  which  was 
the  great  Bonnet  Carr6  crevasse.  The  levees  on  this  rc-ac^h  were  looked  after  exclu- 
sively during  the  late  high  water  by  the  Mississippi  Valley  Railroad  Company,  and 
although  at  times  the  situation  at  uiany  points,  especially  at  Bonnet  Carr6  and  the 
Angelina  levee,  looked  critical,  yet  not  a  single  crevavSse  occurreil,  simply  because  the 
levees  were  well  protected  ancf  vigilantly  watched.  The  experience  of  the  past  year 
has  demonstrat<?d,  I  think,  very  concluMvely  that  rice  flumes  are  the  great  crevasse 
makers,  and  that  they  should  be  abolished.  That  they  are  employed  m  such  an  ad- 
vanced age  as  this  is  a  mystery,  as  a  siphon  would  l/e^  more  efl3cient  and  perfectly 
safe.  Theso  facts,  which  are  actual,  show,  I  think,  to  an  approximate  extent  at 
least,  that  levees  can  be  built  that  will  sustain  the  greatest  flood  the  Mississippi  has- 
carried  thus  far.  I  think,  in  the  ])ast,  too  much  weight  has  been  given  to  the  effect 
the  pressure  of  water  has  against  the  sides  of  a  levee,  and  tho  delusion  produced  by 
witnessing  a  break  has  done  much  to  sti  'Tfrthen  this  belief.  This  pressure,  I  think, 
with  the  exception  of  the  cases  of  concav*)  fiends,  furnishes  no  material  for  argument 
whatever.  In  bends  th(^  levees  are  generally  run  across  the  necks,  so  this  obstacle  is 
to  a  certain  extent  re  mo  ved,     From  the  brief  description  jnst  given  of  actual  facts 


APPENDIX  W  W — REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     2643 

obeerved  during  the  three  greatest  floods  the  Mississippi  Valley  has  ever  experieDced, 
I  feel  partially  competent  to  give  a  few  crade  points  regarding  what  sboaid  be  done 
to  make  the  levee  system  a  continued  snccess.  First,  as  to  tue  type  of  levee.  The 
old  levees,  bnilt  along  in  1858  and  1859,  furnish  the  best  example,  and  should  be  pat- 
terned aft«r  where  new  levees  are  built,  or  old  ones  repaired  in  the  future.  In  build- 
ing the  levee,  borrow  pits  and  ditches  should  be  confined  to  the  land  wide  of  the  levee ; 
"Where  they  are  in  front  they  furnish  holes  for  crawfish,  and  where  there  is  any  cur- 
Tent  along  the  side  of  the  levee  they  give  rise  to  eddies  and  boils,  which  scour  out 
ffreat  holes  on  the  levee  front,  and  these  propagate  a  break.  Where  new  levees  are 
Doilt,  or  when  old  ones  are  repaired,  this  work  should  be  done  immediately  after  the 
liver  falls,  so  as  to  give  the  new  embankment  time  to  settle  before  the  flood  water 
reaches  it. 

Where  practicable,  the  growing  of  young  trees,  or  hedge  brush,  should  be  encouraged 
on  the  front  and  near  the  base  of  the  levee.  After  a  levee  is  built,  it«  care  should 
be  the  next  and  all-imnortant  subject,  as  on  it  depends  iis  usefulness  and  complete 
SDccess.  In  the  first  place,  traffic  of  all  kinds  should  be  prohibited,  and  the  stock 
law  rigidly  enforced,  especially  in  levee  districts.  At  flood  time  the  levee  should  be 
constantly  watched,  especially  at  points  where  danger  is  apprehended. 

The  flood  season  is  usually  at  a  time  when  plantation  hands  are  not  engaged ;  and 
they  are  so  numerous  compared  with  the  miles  of  levees  to  be  guarded  that  it  would 
be  easy  to  have  the  leveesunder  complete  surveillance  continually  duriug  a  flood.  A 
levee  never  breaks  spontaneously;  it  is  always  known  several  hours  beforehand 
where  danger  is  imminent  by  such  signs  as  si  page  water,  the  settling  of  the  crown,  &c.; 
and,  by  having  sacks,  lumber,  and  other  defensive  material  properly  distributed,  an 
incipient  break  could  be  prevented  from  developing  into  a  formidable  crevasse  in 
nine  cases  out  often.  From  the  calculations  it  will  be  seen  that  the  net  river  dis- 
charge into  the  Yazoo  and  Tensas  basins  is  considerably  greater  than  the  discharge 
of  the  Mississippi  at  Red  River  Landing.  I  take  this  point  bet^ause  it  has  no  tribu- 
tary influence  below,  and  has  no  natural  outlet  until  it  reaches  the  Gulf,  except  the 
La  Fonrche,  whose  discharge,  is  so  small  that  it  has  little  or  no  weight.  The  escape 
from  the  river  into  the  swamps  between  the  mouth  of  Red  River  and  Carrol  Iton  is 
more  than  half  the  actual  flood  discharge  of  the  river  at  the  latter  point.  These  figures 
voMj  at  first  seem  startling,  but  when  all  the  facts  relative  to  them  are  considered 
wonderment  will  cease. 

Before  concluding,  I  can  but  say  that  I  think  a  complete,  efficient,  and  permanent 
Idvee  system  that  will  withstand  the  efiects  of  the  greatest  flood  the  valley  has  ever 
been  subjected  to  thus  far  is  possible  in  every  particular  if  the  levees  are  properly 
built  and  protected,  and  properly  guarded  during  the  seasons  of  great  floods.  The 
Imtter  factor  is  the  principal  one,*^  and  if  carefully  looked  after  will  give  the  valley 
dry  and  fertile  fields,  and  freedom  from  the  distress  and  disaster  which  characterizes 
aiid  always  follows  great  floods. 

Bespectfully  submitted. 

John  Ewens, 
United  States  Assistant  Engineer^ 

lint  Lieut.  Smith  S.  Lbach, 

Cwrpe  of  Engineers,  XT.  S.  Army, 

Seoretarjf  Mississippi  Biver  Commission. 

August  9|  1884. 


2GU 


;  CHIEF  OP  ENGINEBBS,  tJ.  8.  ABUT. 


I 


i 


ii 


H 


I 


I 


:::n:33:3:5:;:32ns:32n' 


■Trrrm^TTT: 


m 


lu\M\m\\\\u  \  Ml  lu  H 


mm 
MimmimmttiiMmitiiMittk 


mm 

:  :  :  ;  :  r  :  :  ; 

mim 

mmi 
\u\m 


MMi; 


il 


SSSSS&SSiSSSiSS&SSiSSSiiSS, 


APPENDIX  W  W — REPOET  OP  MISSISSIPPI  EIVER  COMMISSION.    2645 


§g§§liSSS»2«§l§ISiig§eg§l§3§IS§»Ss§^§l§IS§»lelS§SI 


ocT^^r-T^o 


aSeftS        arar«o''a»*    r-T     cq  V    04* 


.5 


CO 


H;!" 


i     aScfcfefr^i 


S8; 


oQ^oooiQaQeoQOiftQooooeooQt^oifii-ioeiAMOooQgooooeQ— tooo 


"*'*iO 


«D       1^  ««»«0^ 


as' 


3 


eC 


eo  ih"     f-T     »-r 


ci      F-Ti-^ 


iooio«Doo^ooooo«-4Qoe40-^»no<oiAcpoaooQoaoooo>09e9omoo9<Dtooi 

i^^iH      r-ii-«oooe^i5'!»$oiA<«<^t>OAc>40ecc4o^eoi>oe40C4oiQC'iOfHooaoT-<o< 


^o 


M  04  Cl  ea  94  C4  ^  C9  Cl  e^  CI  C4     ei     «5«D<OC40r-l        fH  1-1  i-i  rl  ,-11-1  ri  rn  rl  i-l  rn  rn  .X  rn  r-l  rn  iH  r^  r-)  *-•  O  O  O  O  O  O  O  O 
*j  ^  ^  ,iH  ,.4  «H  i-i  1^  •H  r4  fH  I-]     f^     000000        000000  O  00000  0000000000  0C>0O<>C> 


^ 


9 

a 


0« 

a 
s§ 

ooeoooooo  e  eooo*  o  ooooooooo^^Pooeooeooooooooeeo 

^3  ^5  ^3  ^3  ^3  ^5  ^3  ^3  ^C3    ^3    'CJ  ^3  ^3  'XJ  Q    HE?    '^  TJJ  ^3  ^3  ^3  T3  ^3  'C  ^3  ^  ^  ^3  ^3  ^S  ^3  ^3  ^0  ^3  ^3  ^3  ^3  'tj  'CJ  ^3  'CS  n3  ^C  n3 


1 

B 


« 


9 


eeoeeooooeo   o 

^^s  ^CJ  ^3  ^Cv  ^O  ^C3  ^3  ^3  ^^3  ^C3  ^C3    ^^3 


is 


S^ 


>• 

4> 


I 
I 


ooooooo^ooooeoooo^ti^ 


o  o 


^'C'O  C  ^ 'O "C^ '«3 '9 "C? ^ '9 'O 'd "O 't) ^ 'O 'P 'O *0  S  ^'P'P  $  A 


u  2:  '^ 


■SS, 


9 
9 
> 
9 

^^ 

9 


9 

> 

O 

a 

a 

a 
c 


SQB  00  00  OD^Ov  ^0  v^  00  00  DQ  ' 
So  oo  w  aooo  00  00  QD  w  00  < 


QOaoaOQOaoooooQOooooooooaoooOOOOQOooOoaooooo ocno oc  00 oo 00 


^&  ^^   ^^   ^   ^  ^  ^   ^  ^  ^  O   A      O      ^  9  A  O 


10   teiUi»ei*eihO*eS'iota»eiUi»tS^teS^uita*^*i>*^^*^'^*^*^*^*^*^*'i*^*^ 


eS  c9 


CQ  ^  0B.q8.4B  03^, 


u  is  fj  ^  M  P 

w  .w   CB   CO   flfi   4B 


iss^ssa^aasaaaaaaa  ^ 


ill 


^Q  flC  oo  oc  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00 

^*   — •  «•  *•  ••  ••  ■•  ••  -•  -■  *•  -•   ••   ••  -•  -•  «•  *•   -•   -• 


^  00  30  00  00  00  00  00  00  00  op  00  00  00  00  0000  00  00  00  00  oc  qo  ^ 

iQOOOOOOOQOQOOOOOQOOOWOOOOaoSSaOQOQOOOOOOO    '2 


60  CO  CO  09  CO  CQCOCOCOOOCOOOOOCOCOOOCOCOCOCO  to  CD  4D  4D  v^<0<D  V 


OB  4B  OB  OB  OB  CO  ^  flBOBCBcSoBcBoBoBOBoBOlCBMflSOBflBoS  CB  cB 


h 

00  5 

*  S 

-£ 

.•p 

9  o 

9  k 


3 
I 

9 

I 


&&& 


o 


g 


o  o  o  S  o 


tad 
o 

3 


■♦a 


o 


p*.^  9  p  p  p 
qSIqqp 

PO 


?SS 


9 

1 

o • o  e  OM 

PPPPP 


I 


a 

3 

ooePOPooo^«> 
u^MPPPPPPP^ 

I 


8 


oB 

3 

»>  9 

00,— 

SI 

9 


REPORT  OF  TUe   CHIEF   OF  EKGIKEEE8,  U.  8.  ABMT. 

s^ia:" 


taS   . 

is 

-■^•s- 

1 

5-1* 

s 

tttrB 

^ssassg 

llf^ 

11 

sStlISi 

i 

* 

1^^ 

SSSIE== 

i 

l|l| 

> 

i 

ii;  ;| 

1'S 

1 

fl 

1 

1 

"^1°|l 

s  S 

1 

s'  S 

£ 

1 

^ 

%M'im 

1?  H 

£-•= 

"" 

1  5 

^i 

suui 

s1^ 

aTxTz-xxif 

Y      ^ 

> 

> 

1- 

J 

i 

1 

V'W  1 

* 

io 

SS£SSSS^f:S^33S^^S;3S 


msSiSSItiSSIIIIfS-SliSSi 


!-BilS8SISS|ss!|ssssi|||gg 


Hliliiliiililiiiiiii : 


Jii3iilil?i!IHIIfiSil3i|l 


APPENDIX  WW — REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     2647 


gS^"Sl8SS 


e^JiH 


rod"   «r 

to 


oo 


e<d96<tfe<d«-<ir4«-««-«e4f-4oocsicbfHeo^e4e4e4c4e4c4eoG4e4i-if-ic4^iHiHc>Of-^f^ 


'£Js2S252»52*ooooo^yeoc^«c-Bpi>ooc5wOQo»oc»Or-ic5©5 


^ooi^  ^lo^^ 


0) 


eq 


s 


00 


o 


SS99$9$99W9SS99^90ioe9QOOioaotOQooQOtAOoomo>aooiAOoiQe 
9SS^ioooo<^ooooo^i5eocsiQOi5ooc^ioi>iSooicc4t^Oi>Ni-Mesii-ira^oesidcocoio 


^'ef 

©" 

sf  -^ 

O 

oooo 

o 

OOC^OOOO>OC>AOiO>OOOAO 

•           •          •          •          • 

ooooo 

■ 

G>oo^doooc>oc>c>oooo^ooooo^oc>oc>oocfoooo^ooc>oc>o 

2 


I 

5  ■ 


M 

O 
k 


f4 


OOOO  o  o  ooooot;oo*ooooooooooooooocoo*^ooooooo 


e  o  p  o    3 


'0'C^'«3 


0 


iS 


8 


s 


0 

o 


•  2  ► 


> 
O  O  ©T*  O  «— '  ©  © 


< 


0©©000©©000 


eJOOOOOOOOOOOOOO'   -, - 

-     P  ?:  P 


£ 


>  £.  >  S 


o  :oo  :  :o^o;^  :::::::::::::  :o:;ou 


§ 


_eoeoo©©©ooo©oooooo©©oooooo©©©©©cooc©c©©©o©ooo© 

?5 "O »© 'O "C T3 TS 'O nS "C -O '3 -CC -C -CS 'S -CS 'a -a 'C'O »« -CC rs -CCS -3 'C -a -^  t: -r  "S 13 -C »© •« -S  re -d "3 *© 


00 

00 


ao»aox5oaowocU>xao5caoxxxxxxx5cxxxxdcxooxxxccu.xxxxxxx(XxaCQU 
el39:aeaee«8rtcie3c3rt«e8c3eJe8rtc5e3a:icSr:ne:!r:c3rte3cSr:c;aT:c«KJr:e3eSe8aeSc3c3  ej  d 


lis 


bc 

.9 

T3     . 


OD 

a 

.a 
©Id 

F-<  ••14 

OS 


0 

© 


.9 


a 

2 
o 

«8  C  • 


2 
© 


01 

S  0 

O  so 

If 


S^2i©©90^0©     '©00«00^©C  aD©©0©00©0©©Xaoj*:!3''n  00000*50 


5  = 


2648      EEPOET   OF   THE   CHIEF   OF   ENGINEEB8,  U.  8.  ASBfT. 


t 

0 

a 

o 
I  • 

^  I 

i  5 


a: 

* 
<3 


3 
o 


1 

0 


^  O 


I 


«j  O  0>  *H  Ck  O)  09 
tt  to  f  I  CO  t-  ^  CM 

^1-1  to  to  oa  <«oo 

n  %ei  T^^  Ui  CO  ■^  iS 
.2         CM  rH  O  iC  00 

a  * 


CMCOOJSOCPQ 
l^  »  CM  00  00  o 

«  ^ ,_;,-:  o  o  cj 


^  o  o  t-  o  o  ^ 
^  o  o  CO  5^1  o  e» 
5)  o  ■«»<  rt  i^  cc  00 


!3        © 


,ooo  ooeo 

♦J  O  O  CM  O   JO  ti 


I 


E^cm""*  ^»■^■' 
c•lT^rt 


pa  •«-** 


^  ^  CO  cc  n  CO  CO 
w 

_«  o  o  o  o  o  o 

f<1 


a 

o 


®  s* 

>  c 

**  k  O  ©  ►-  O 


o  Sb'C'O  ©' 

►55  :  --S 


o 


1p 


0 

o 


C  >    .    .    .  -4 

oo  :  :  >. 


»mO 


00 


Sg  ©  ©  ©  ©S 


FN  CM  CM  C4  CM  C4 

h   (^   b   h   »4   tl 

CD   C3   C«   08   CO   CQ 


I 

P4 


•a 

1 


a  ^  = 

NH  n 
♦S  c  © 

;-?  -'^  » 


6  c  &  .^     <^ 
flS  fi  5  -^  c  2 


5^ 
o 

CO 


i^OOCO< 


to<OCQ®OOrNOflt 

^  «s  t<^  od  ^  lo  CO  £4 


CO 


eo"-4" 


a»eoc4       riC^iO 


CO  CO  e^  e^  lo  o  a»  o 
c>ooc»ooe4o 


e 

cS 

^  o  ©  ©  ©  o  o  o 


•*3 

0 

© 


a  ©  ©  c  ©  ©  »- © 

e8    . 

o  :  :  :  :  -^  : 


30. 


tSAcM'-CMCMCM»H 
(^tr»JtJ(Jti(^b 


I  001 


X  XOC  X 


C4eMeMCM^04fHCM 

3  :£  OS  ca  «B  08  0.<i 


s 


© 
go 

Si 

>  2 

fc  t'  © 

©NX 

"S  -  ** 


1-1  CS| 

rt  *  5  2 

g  se  e3  »3  V 

"^  >  '-^  B.S 

r*  ■•'  aj  ©  *' 

u  -  £ 

-,  I-  fc-  r  « 

—  .i  .S  >..  > 

C/  9  a  d  4 


I 

1 
I 

s 

I 


APPEKDIX  W  W — REPORT  OF  MI88IBSIPPI  RIVER  COMMISSION. 
Floiti  «MiijM  t»(«  Ike  «tmmj)  bariiu  during  Mgh  leater  of  1881. 


LofliJity. 

1 

f 

1 

1 

FMt. 

MtOO 
8,  TOT 

mu 

10,  UB 

K.M 

JS*.181 

m.<ni 

KS 

aa 

^n^t 

U4.a 

61.  SM 

32.  m 

"mtTtt 

Total  MCI 

Bed  KtTOT  LudlDg  b)  New  O.leanfc  outflow*  . . 

,»., 

8,M! 

M.Ne 

418,  *47 

"". 

D«te. 

bolSEt 

Date. 

ssx. 

Date. 

» 

€• 

S9.10 

1883. 
Jane  !S 

Fltt. 

64.80 

1884. 

Fft. 

April      i'l 

IP*!! 
S;g:S 

Marcb      1 
Mnroh  6-8 
Uarch      8 

Mar.  23-24 
Marob    26 

MBr  26-31 

Ma"b    30 
Mircb    IB 

Jnna 

27 

4i.'w 

Feb. 
Feb. 
Feb. 

Fe"; 

i 

Uar. 
Mar. 

Uar.' 

as 

BO 
20 

21 
21 

61.87 
102. 7S 

87:  M 
3a.M 
S6.J6 
89  M 

Fab. 
Feb. 

Is 

Mar. 

SS: 
B. 

Uar. 
Mat, 

Apr. 

is; 

Apr. 

27 
12 

62.17 

II 

40:90 

48:  oo 

40.32 
40  40 
38.47 

|i 

BITS 
28.40 
16.40 

48.40 

II 

47:76 

47.90 
86.  »S 

31.30 

14.90 

SSJ 

SS'S^S.iiili.ii:::;:;:::::;::: 

47. 4e 

2650      REPORT  OF  THE   CHIEF  OF  ENGINEERS,  U.  S.  ABHT. 
Tdbleof  discharge*  lake*  by  Patrol  p<irtgdiirtmglktJleodtf^iBSi. 


Btm. 

LooiUty. 

Data. 

i 

Place. 

P 

1 

»2sr.:;:; 

Sg».|'^;: 

im.    I 

S,r':::::.:: 

11.ES3 

2*1.  IS* 
171, 2SS 

197.  BIT 

fS! 

KedHi™rL«HlinB,Li    M-r.  aiitoB     R^j Rlvefliild- 

NetirTblli«lwai,L»..l  Apr.  u':2.»]     ColleiieFoiiit... 
Ciim,Uwi.,U Apr.  IS  11.15     CiiToUton 

iS 

HOTB—Coliiiiin 

hMded"PliiM"Nfan 

A 

ooolonmboad^ 

tPPENDIX  I 

1. — Final  redaction  and  reeuitt  0/ precise  lereltfrom  FuHon  to  Ckieago,  III. 

OrncK  Mississippi  River  Cohhissiom, 

Sainl  Loalt,  Mo.,  (htober  9,  lt)83. 
Sir;  Ilmve  tliehonortoBnbiuittbefollowiiigreporton  tber«dnotionof  tfaenotMot 
thp  iiri'CJHO  luTuling  from  Fultou,  111,,  to  Clik'UKU. 

Tlie  ollltci  coiiiptitali<m  haabecn  made  by  AasistotitB  FergnsoD,  Fitsbngb,  TbomM,  nd 
Ruiitl.  The  tuutliuds  <if  ivduuliou  eiu|>Iii.ved  are  the  Bume  as  those  used  in  the  ledno- 
tiiiii  or  tliu  tioteH  of  tbe  pn'ciso  leveiiii);  fi'oni  CuirolltOD,  La.,  to  Biloxi,  Uim. 

Tilt)  fullowiu);  are  tlie  values  of  iaatrumeDtal  coustants  nsed : 
Corruption  for  iiifqiiatity  of  pivota  iu  millimelers,  per  meter: 
I.*vcl  No.  I  p  =  Irimi  ~  .015  to  +  .005. 
I^vel  No.  3  p  =  from  —  .000. 
Lt'vel  No.  5  p  ^  from  —  ,010. 
AtviHtaiit  J.  U.  JobUHon  iiud  lovel  tube  No.5  Aod  levelinBtmment  No.  Stlinniflioat 
the  Beiisoii,  wilh  llio  exception  of  liavini;  aaed  tbe  telescope  barrel  (not  the  letionle) 
of  Ic-vul  inHrniinent  No.  5  from  June?  to  end  of  season. 
VmIuo  of  Olio  division  of  tube  No.  3,  t  =  a".44. 
Value  of  out.  division  of  tube  No.  5.  v  =  M".54. 
'I'lii'  moan  value  of  1  iiioter  of  tbe  four  rods  need,  Nos.  14, 15, 16,  and  17,  is  l.OOOOSO 
Ts,  wtiich  value  rusults  from  coiii[>iiriHon8  made  August,  WSi,  vith  1  meter  bar, 


rods: 


ir7M°F. 


AHsistiiut  J.  It.  JoliuuiD  also  made  a  determination  of  tlie  leDgths  of  tbe  above  rod*  - 
In  IhicemlHT,  1(^-2.  by  ciinipuriMiiinith  tlie  l.'i-foot  barof  tbe  Lake  Barvey  Office.  The  ' 
rods  n-ero  at  a  ti<iii|>flnitiire  of  M°  V.,  and  the  mean  value  then  found  vas  O.SOSVBO  * 
tnctiTh,  whicli  dillt-rs  from  tho  coiiiiiariHOiis  used  by  0.000079  meters.  Part  of  thla^ 
diu-n-pnuf^y,  I  think,  is  Iu  lit-  accounted  fui  by  tbe  dilferenco  in  temperature  (19°  F.)^ 

of  till'  rodHllieuiHulvPH.    1  liutievotberewaM  no  correction  madeforoueffieient  ofexpan^ 

moil  of  the  wood.  Usinc  IbiiwinioiiHforwiiite  pine  given  by  Trautwine,  .0000092,  the^ 
ci>iTi-i-iii>u  for  ti'mp^rauiri!  will  bu  U.OOOtMi!  metiTS.  Apiilying  tbls  tho  diBcrepaiMj<^ 
betivei'n  lliv  AiigiisL  and  Di-eoiiilicr  dvtuniiinatioDs  is  only  0.0CII037  meters.  I  bfr-  ■* 
iiovu  Ibcre  vrnni  iiIho  no  oUmiival ions  tiikpu  for  humidity  of  tbe  atmosphere,  whlebs' 
inlliii'iii'ts  Iho  <.-haii{;n  iu  IriiHtb  of  wood  moro  than  chnugo  in  temperataie.  The  An — J 
irnnt  olisi'r vat  ions  wi^ru  Iiikuu  in  basiiment,  tho  Ueceniber  observations  were  t«l[en  " 


n  sucond  door,     Tho  n 


X  rod  correction  oaed  waa  3.^ 


B  the  distances  from  tbe  foot  of  tbe  rods  to  the  100 
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May  8,  1883,  the  rods  were  ground  off  to  a  uniform  length  of  44.2  millimeters.  Up 
to  May  8  corrections  were  made  in  this  compulation  for  the  difi'erence  of  length  of 
rods  whenever  a  stretch  was  not  closed  with  the  same  rod  as  it  was  started  with. 
After  this  date  no  correction  was  necessary. 

The  tabulation  of  the  results  of  the  final  reduction  is  given  on  pages  24  to  40,  in 
elusive.  All  elevations  are  referred  to  Cairo  datum  and  start  with  the  elevation  of 
U.  8.  P.  B.  M.  53,  near  Albany,  111.  As  188.G009  meters  (see  Annual  Report  for  1883, 
page  1^),  on  account  of  U.  S.  P.  B.  M  55,  of  the  Keokuk  and  Fulton  line,  having  been 
disturbed  or  at  least  meddled  with,  the  field  tabulation  wa»  started  with  elevation  of 
U.  8.  P.  B.  M.  56,  next  beyond  (183.6809  meters),  but  the  Keokuk  to  Fulton  line  was 
duplicated  from  U.  8.  P.  B.  M.  53  to  U.  S.  P.  B.  M.  56.  The  former  Hue  of  levels  over  this 
stretch  was  more  concordant  than  the  latter.  At  IT.  S.  P.  B.  M.  56,  a  distance  of  5.9 
Idlometers,  the  lines  diverged  by  6.2  millimeters,  our  elevation  of  U.  S.  P.  B.  M.  56,  as 
ran  from  U.  S.  P.  B.  M.53,  in  lb83,  being  6.2  miilinieters  lower;  however,  as  U.  8.  P.  B. 
M.  53  was  considered  more  permanent  than  U.  S.  P.  B.  M.  56,  it  was  thouofht  best  in  the 
office  reduction  to  continue  the  Keokuk-Fulton  elevations  from  U.  S.  P.  B.  M.  53.  This 
was  done.  However,  it  is  questionable  if  the  mean  of  the  two  lines  from  U.  S.  P.  B.  M. 
53  to  U.  8.  P.  B.  M.  56  would  not  be  better. 

In  connecting  Chicago  benches  with  city  directrix  the  levels  were  carried  from 
shore Xo  the  zero  of  our  temporary  gauge  on  outside  of  crib  by  comparing  the  read- 
ings of  this  gauge  successively  with  the  readings  of  thr/?e  temporary  gauges  on  shore 
widely  separate.  These  were  combined  with  equal  weight  with  a  determination 
made  by  the  city  engineer  in  December,  1878,  using  Hook  gauges,  reading  by  Vernier 
to  O.OOI  foot.  .These  were  carried  through  the  tunnel,  all  pumping  (and  therefore  all 
current)  having  ceased.  The  elevations  are  carried  from  the  zero  of  the  outer  gauge 
to  city  directrix,  a  point  8.01  feet  below  the  zero  of  the  inner  crib  gauge,  by  spirit- 
levels. 

The  work  for  the  season  is  as  follows : 

Kilometers. 

Distance  of  main  line  duplicated 261. 36 

Side 13  43 


274. 79 

(All  side  line  duplicated  except  1.71  kilometers,  which  was  only  run  one  way.) 
Length  of  repeated  duplicate  work : 

Kilometers. 

3  lines 2.19 

4  lines 28.28 

5  lines 2.01 

6  lines 0.73 

SUnes 2.15 


35.36 

Total  length  of  single  line,  628.49  kilometeis. 

The  probable  error  of  the  whole  line  of  levels  from  Fulton  to  Chicago  on  the  ter- 
minal benches  at  Chicago  is  13.6  milliiueters.  This  is  computed  by  cousideriug  all 
discrepancies  as  accidental,  the  square  root  of  the  sum  of  the  squares  then  remaining 
nncompensated.  There  are,  however,  constant  errors  or  accumulating  errors,  which  is 
the  algebraic  sum  of  the  personal  errors  of  the  members  of  the  party  concerned  in 
carrying  the  levels.  This  constant  error  changes  very  materially  on  account  of  the 
following  conditions :  (1)  Owing  to  the  nature  of  the  ground;  (2)  owing  to  the  na- 
ture of  the  weather;  and  (3)  owing  to  the  changing  habitsof  the  members  concerned. 
It  is  therefore  next  to  impossible  to  obtain  any  approximate  measure  of  it.  We  ars 
quite  safe  to  assume  that  it  remains  approximately  constant  for  any  and  perhaps 
every  one  of  our  various  stretches.  And  Hiiice  the  functions  from  which  we  compute 
the  probable  error  of  Unal  result  (R.  =  13.0  milliujeters)  are  the  discrepancies  (regard- 
less of  sign)  of  the  two  lines  run  by  the  same  observer  in  opposite  directions,  we  are 
safe  to  assume  that  13.6  millimeters  is  consi<lerably  too  large.  This  has  only  a  theo- 
retical interest,  since  in  taking  the  mean  of  the  two  lines  run  in  this  way,  for  the 
difference  of  elevations,  the  constant  is  eliuiinate<l.  But  assuming  again  all  errors  to 
be  accidental,  we  may  compute  the  ])rol>able  error  per  kilometer. 

«=  probable  error  per  kilometer.  / 

R  =  probale  error  of  final  result. 
D=^  distance  in  kilometers. 

R«  =  X«D.  D  =  261.36.  x  =  .^^  ^Sje.n. 

13.6 
Therefore  probable  error  per  kilometer = 


16.17 
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In  oolmnna  ItMdied  "  Sapporta  "  in  tabnlBtion  th«  ]eU«n  F  Kid  P  denoto  fiwt-pUtw 
and  pinB,  reBpMtively,  nsed  as  rod  supports. 

In  the  colamas  hewlecl  "ObseTTer'',the  obserren  ue  npreMnted  b;  letten,  u  ibl- 
Iowb:  "J"  represents  J.  B.  Johnson;  " F " represents  O.  W.  Fer^aoa. 

Benches  marked  with  a  star  (*}  are  not  in  the  main  line.  All  auaDtitiea  la  the  tab- 
ulation have  been  checked  either  bf  oompatison  with  the  flela  ooiupiit«tioD  or  by 
oompntiition  dn plicated  by  two  computers. 

Very  respeotfnlly,  yonr  obedient  servant, 

O.  W.  Fkkqdsok, 
U.  3.  JMMamt  engiimr. 
Pint  Lient.  Shtth  S.  Lkach, 

Stargtary  MiMainippi  EivBr  ComntiMion. 


Bmull*  ofpreoUe  Uneling,  Failm 
Dlt-msTki  narked  irlth  an  Mterlok  are 


lo  CMeago,  10. 
In  main  line  tflnda.) 
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•Ite  tffrteite  leraug,  Fulton  to  Chieago,  m.-~Continiied. 
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S€Sult8  of  precise  leveling^  FulUm  to  Chicago,  IlL — Continiied. 
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DBSCRIPTIOK   C 


'    PERMAKENT    BK^CEt-MAlIKH 


rULTOM  AND  OBIUAGO, 


U.  8.  p.  B.  M,  57  ia  at  Fiiltoii,  Wliilesiiliw  County,  llUnoiB,  m  the  nortbeMt  w:^™*'' 
of  Ch«rr,v  and  Bi-m-li  Btrt-ots.  It  '  ci'ji  >t  miirk  of  ciippiT  bolt,  leaded  horiiontnll- .?  "■ 
Boutta  I'uco  of  Btono  foundation  wull  to  tlio  Nortlieru  llliniiis  UoUejtn,  31  foet  a'>ove»'™ 
groiiud,  and  14  iuchva  from  the  Boutliivcstcorneruf  foundation.   Elevation,  Isti™.!^''^ 

U.  8.  P.  B.  M.  M  in  in  Wliitesides  County  Illiiioia,  on  tljo  soutiieiwt  ubutmon*  "' 
the  railroad  bridge  north  of  Fulton  Junction,  1)70  mpters  north  ft^in  crossing  of  C.j 
M.  and  St.  P.  and  the  C.  and  N.  W.  R.  R.,  first  bcinRthq  top  of  a  copper  bull  leadea    - 
vertioolly  In  the  bridge-aeat  etoae.    Elevatiou,  1^3^.7503, 
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B.  M.  35,  of  Captain  Mackenzie,  at  FnltoD,  on  water  table,  sontheast  comer  of  en- 
gine-room of  elevator,  under  planking.    Elevation,  184™. 7790. 
•  U.  S.  P.  B.  M.  59,  three  miles  north  of  Fulton  Junction,  in  Whitesides  County,  Illi- 
noia,  in  west  end  of  north  abutment  of  railroad  bridge,  being  the  top  of  copper  bolt 
leaded  vertically  in  second  course  of  stone  from  top.    Elevation,  185™.8275. 

U.  S.  P.  B.  M.  60,  at  Thomson,  Carroll  County,  Illinois,  west  end  of  Christian  church, 
250  meters  east  of  C,  M.  and  St.  P.  R.  R.,  being  the  center  mark  of  copper  bolt 
leaded  horizontally  in  the  foundation  wall.    Elevation,  190<".8597. 

U.  S.  P.  B.  M.  61,  one  mile  south  of  Savanna,  Carroll  County,  Illinois,  in  middle  pier 
and  directly  under  railroad  bridge  No.  E  392,  being  top  of  copper  bolt  leaded  verti- 
caHy.    Elevation,  185=».0035. 

U.  S.  P.  B.  M.  62,  at  Savanna,  Carroll  County,  Illinois,  on  door-sill  of  engine-room 
of  the  C,  M.  and  St.  P.  R.  R.  Co.'s  elevator  on  the  bank  of  the  river,  being  top  of  cop- 
per bolt  leaded  vertically  in  the  south  end  of  the  south  door  east  side.  Elevation, 
186«.5778. 
Captain  Mackenzie's  B.  M.  34  is  on  the  same  sill  marked  "-f«''  Elevation,  186™.5788. 
U  8.  P.  B.  M.  63,  at  Savanna,  Carroll  County,  Illinois,  on  northwest  corner  of  Main 
and  Jefferson  streets,  in  facing  stone,  south  face,  southeast  corner  of  brick  building 
owned  by  W.  B.  Laws,  being  the  center  of  copper  bolt  leaded  horizontally.  Elevation, 
188«.8537. 

U.  8.  P.  B.  M.  64,  Savanna,  Carroll  County,  Illinois,  2^  miles  east  of  the  "  Junction 
House,"  and  50  meters  south  of  the  main  line  of  the  C,  M.  and  St.  P.  R.  R.,  in  the  top  of 
west  end  of  north  abutment  of  wagon  bridge  over  Plum  River,  being  the  top  of  copper 
bolt  leaded  vertically.    Elevation,  187™.0846. 

U.  S.  P.  B.  M.  65, 300  meters  north  of  **1  mile  post,"  west  of  Hickory  Grove  Station, 
C.,M.  and  St.  P.  R.  R.,  Carroll  County,  Illinois,  in  east  side  of  stone  foundation  wall 
of  bam  owned  by  J.  Fish,  being  the  center  mark  of  copper  bolt  leaded  horizontally, 
5  feet  south  of  door  and  3  feet  above  ground.     Elevation,  211'".5027. 

U.  S.  P.  B.  M.  66,  at  Mount  Carroll,  Carroll  County,  Illinois,  about  100  meters  south 
of  depot  and  40  meters  east  of  C.,  M.  &  St.  P.  R.  R.,  in  barn  building  attached  to  eleva- 
tor, being  the  center  mark  of  copper  bolt  leaded  horizontally  in  the  west  end  of  south 
fiice  of  stone  foundation,  3  feet  above  the  ground.     Elevation,  255"*.  1128. 

U.  S.  P.  B.  M.  67,  about  4  miles  west  of  Lanark,  Carroll  County,  Illinois,  north 
end  of  east  abutment  of  railroad  bridge  No.  454  (C,  M.  and  St.  P.  R.  R.),  over  Carroll 
Creek,  being  the  top  of  copper  bolt  leaded  vertically  in  the  second  course  of  stone 
from  the  top.  In  the  stone  are  cut  the  letters  "  U.  S.  P.  B.  M.,"  and  the  date.  "  May 
25,  1883."    Elevation,  246°».5122. 

U.  S.  P.  B.  M.  68,  at  Lanark,  Carroll  County,  Illinois,  25  feet  from  the  southwest 
owner  of  Carroll  and  Main  streets  on  the  upper  doorstep  of  brick  building  occupied 
by  a  bank  and  owned  by  Walff  Bros.,  being  the  top  of  copper  bolt  leaded  vertically 
Id  upper  doorstep  on  Carroll  street,  and  1^  feet  above  ground.  Elevation,  275™.2841. 
U.  S.  P.  B.  M.  69,  is  2^  miles  east  of  Lanark,  Carroll  County,  Illinois,  on  the  line  of 
the  C,  M.  and  St.  P.  R.  R.,  in  coping  of  north  end  of  east  abutment  of  railroad  bridge 
over  Carroll  Creek,  being  the  top  of  a  copper  bolt  leaded  vertically.  Elevation, 
862B.1845. 

U.  S.  P.  B.  M.  70  is  3i  miles  east  of  Lanark  Junction,  Carroll  County,  Illinois,  on 
the  line  of  the  C,  M.  ^  St.  P.  R.  R.,  140  meters  south  of  the  track,  in  barn  building 
owned  by  Mr.  M.  Crabtree,  being  the  center  mark  of  copper  bolt  leaded  horizontally 
in  the  east  end  of  the  north  face  of  stone  foundation  wall,  2  feet  above  the  ground. 
Elevation,  294"».8395. 

U.  S.  P.  B.  M.  71,  at  Foreston  Junction,  Ogle  County,  Illinois,  where  the  C,  M.  &  St. 
P.  R.  R.  passes  under  the  Illinois  Central,  in  the  lower  step  of  west  wing  of  south  abut- 
ment of  the  stone  archway  in  the  fourl;h  course  of  stone  from  the  bottom,  being  the 
top  of  a  copper  bolt  leaded  vertically.    Elevation,  273°^.3979. 

U.  8.  P.  B.  M.  72,  at  Adeline  Station,  C,  M.  &  St.  P.  R.  R.,  Ogle  County,  Illinois,  in  ele- 
vator building  of  the  aforesaid  railroad  company,  being  the  center  mark  of  copper 
bolt  leaded  horizontally  in  the  east  face  of  stone  foundation  wall  at  the  southeast 
Corner,  about  4  feet  above  the  ground.     Elevation,  234™. 9307. 

U.  S.  P.  B.  M.  73,  at  Leaf  River,  Ogle  County,  Illinois,  70  meters  east  of  the  depot  and 
lost  opposite  the  water-tank,  in  elevator  building  owned  by  D.  Sprecker,  being  the 
^nter  mark  of  copper  bolt  leaded  horizontally  in  the  east  end  of  south  face  of  the 
(lone  foundation  wall  about  4  feet  abo\  e  the  ground.     Elevation,  222"".  1946. 

XJ.  8.  P.  B.  M.  74,  at  Byron,  Ogle  County,  Illinois,  560  meters  south  of  the  C,  M.  &St. 
i^.  B.  R.  track  measured  on  Walnut  street,  in  brick  and  stone  building  fronting  on  said 
%Teet,  and  occupied  by  hardware  and  dry-goods  stores,  and  the  Commercial  Hotel, 
^^wned  by  J.  F.  Spalding,  being  center  mark  in  copper  bolt  leaded  horizontally  in  north 
^all  of  northeast  comer,  11  inches  from  comer  and  4  feet  above  ground.  Elevation, 
!^8».3943. 

U.  8.  P.  B.  M.75  is  1^  miles  east  of  Byron,  Ogle  County,  Illinois,  on  the  line  of  the 
^ . ,  M.  &  St.  P.  R.  R.  track,  in  west  abutment  of  railroad  bridge  over  Rock  River,  being 
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the  top  of  copper  bolt  leaded  vertically  in  stoue  coping  south  side.    Elevation,  217"".- 
4148. 

U.  S.  P.  B.  M.  76,  at  Stillinan  Valley,  0|;le  County,  Illinois,  50  meters  east  of  the  depot 
and  20  meters  south  of  the  main  track  of  the  C,  M.  dr.  St.  P.  R.  R.  Co.,  in  the  west  flront 
of  foundation  wall  of  the  elevator  building  owned  by  J.  D.  &,  J.J.  White,  being  the 
center  mark  of  copper  bolt  leaded  horfzon tally,  11  inches  from  the  northwest  comer. 
Elevation.  221°».5094. 

U.  S.  P.  B.  M.  77  is  *2,600  meters  west  of  Davis  Junction,  all  in  Ogle  County,  Illinois, 
in  north  end  of  west  abutment  of  small  bridge  of  the  C,  M.  &  St.  P.  R,  R.,  being  the 
top  of  a  copper  bolt  leaded  vertically  in  the  coping  stone.    Elevation,  252°^.5154. 

U.  S.  P.  B.  M.  7ti,  at  Monroe,  Ogle  County,  Illinois,  24  meters  west  of  depot  of  the  C, 
M.  &  St.  P.  R.  R.,  in  east  face  of  stone  foundation  wall  of  elevator  building,  owned  by  D. 
A.  Cipperly,  being  the  center  mark  of  copper  bolt  leaded  horizontally,  1-^  feet  north 
of  southeast  corner  and  3^  feet  above  the  ground.    Elevation,  262™ .^18. 

U.  S.  P.  B.  M.  79  at  Fielding,  I  »o  Kalb  County,  Illinois,  10  meters  north  of  main  track 
of  the  C,  M.  &  St.  P.  R.  R.,  in  south  face  of  stone  foundation  wall  of  elevator,  being  cen> 
ter  mark  of  copper  bolt  leaded  horizontally,  25  feet  west  of  the  southeast  corner  and  2^ 
feet  al)ove  the  ground.    Elevation,  24').™6169. 

U.  S.  P.  B.  M.  80«  at  Kirkland,  De  Kalb  County,  Illinois,  175  meters  south  of  railroad 
track,  on  street  running  to  depot  from  the  south,  in  brick  building  owned  by  Dean 
&  Rowen,  to  be  used  when  completed  for  a  bank,  being  the  center  of  a  copper  bolt 
leaded  horizontally,  6  inches  from  the  northwest  comer,  on  the  west  face  of  stone 
foundation  5  feet  above  the  ground.    Elevation,  242'".2l6l. 

U.  S.  P.  B.  M.  81,  at  Kingston,  De  Kalb  County,  Illinois,  i  mile  east  of  the  depot  and 
10  meters  north  of  the  main  track,  in  a  brick  store  building  in  Chapman's  addition  be- 
longiug  to  Mr.  Julius  Chapman,  being  center  mark  in  copper  bolt  leaded  horizontally 
in  the  water  table  on  we^t  face,  northwest  corner.    Elevation,  251™.4097. 

U.  S.  P.  B.  M.  82,  at  Genoa,  De  Kalb  County,  Illinois,  100  meters  south  of  main  track 
of  the  C,  M.  &  St.  P.  R.  R.,  at  the  corner  of  Main  and  Emmett  streets  in  brick  store 
building  owned  by  Alexander  Crawford,  being  the  top  of  a  copper  bolt  leaded  verti- 
cally in  the  south  end  of  stone  door  sill  on  the  east  side.    Elevation,  261*".6864. 

U.  S.  P.  B.  M.  8:i,  at  Hampshire,  Kane  County,  Illinois,  cm  State  street,  in  brick  build- 
ing owned  by  Phillip  Shultz,  and  used  for  post-office  and  drug  store,  in  the  stone 
water  table  in  the  west  face  of  the  southwest  corner,  being  the  center  mark  of  copper 
bolt  leaded  horizontally.    Elevation,  280"'.4797. 

U.  S.  P.  B.  M.,84  at  Pingree  Grove,  Kane  County,  Illinois,  about  100  meters  north- 
east of  depot,  in  foundation  of  store  building  owned  by  J.  B.  Schedden,  in  north  face 
5  feet  from  the  northwest  corner,  1  foot  above  the  ground,  being  the  center  mark  of 
a  coi>per  bolt  leaded  horizontally.    Elevation,  285™. 8096. 

U.  S.  P.  B.  M.  85  is  I  of  a  mile  west  of  Dumser  Station,  Kane  County,  Illinois,  on 
the  lino  of  the  C,  M.  &  St.  P.  R.  R.,  in  railroad  culvert  No.  19,  20  meters  north  of  rail- 
road track,  being  the  top  of  a  eo])per  bolt  leaded  vertically  in  coping  stone  in  east 
end  of  north  abutment.    Elevation,  265™.;J564. 

U.  S.  P.  B.  M.  86,  at  West  Elgin,  Kane  County,  Illinois,  comer  of  State  street  and 
Highland  avenue,  in  water  table  of  the  large  brick  building  known  as  the  Waverly 
House,  on  north  face,  6  inches  from  the  northeast  comer  and  4  feet  above  the  ground, 
being  center  mark  of  a  horizontal  bolt.     Elevation,  224". 7463. 

U.  S.  P.  B.  M.  87,  at  West  Elgin,  Kane  County,  Illinois,  on  the  southwest  comer  of 
River  street  and  the  C,  M.  &  St.  P.  R.  R.  track,  on  the  north  face  of  brick  and  stone  bnei- 
ness  building  owned  by  Robert  Beckwith,  being  the  top  of  copi)er  bolt  leaded  verti- 
cally in  east  end  of  stone  doiu'slep.    Elevation,  224"*.1259. 

B.  M.  "Newcomb,"  at  East  Elgin,  111.,  on  Center  street,  btween  Du  Page  and  Chi- 
cago streets,  being  cross  ( X )  eut  in  west  face  of  brick  foundation  wall  of  building 
owned  by  the  Elgin  Seientilio  Association.    Elevation,  2ii3*».4018. 

U.  S.  P.  B.  M.  88  is  1-^  miles  south  of  Elgin,  Kane  County,  Illinois,  in  west  end  of 
south  abutment  of  the  C.,  M.  &  St.  P.  R.  R.  bridge  over  Fox  River,  being  the  top  of  a 
copper  bolt  leaded  vertically  in  the  coping  stone.     Elevation,  226^.0788. 

IJ.  S.  P.  B.  M.  89,  at  Bartlett,  C<K>k  County,  Illinois,  150  meters  northwest  of  depot 
and  lUO  meters  north  of  railroad  track  of  the  C,  M.  &  St.  P.  Co.,  in  the  stone  fban- 
dation  of  the  Congregational  Church,  being  the  center  mark  of  cop]>er  bolt  leaded 
horizontally  on  the  east  face  of  tlie  southeast  corner.     Elevation,  251™.1324. 

U.  S.  P.  B.  M.  1)0,  at  Koselle,  Du  Page  County,  Illinois,  on  the  sontheast  comer  of 
Chicago  street  and  road  crossing  it,  in  the  north  face  of  foundation  wall  of  brick  boai- 
ness  bnilding  owned  by  Mathcw  Seeker,  standing  about  OO  meters  north  of  railroad 
track,  being  the  center  of  co]>per  bolt  leaded  horizontally,  3  feet  from  the  northeast 
corner  and  2  feet  above  the  ground.     Elevation,  24l°».4094. 

U.  S.  P.  B.  M.  91,  at  Itasca,  Du  Page  County,  Illinois,  80  meters  north  of  track  of  the 
C,  M.  &  St.  P.  R.  R.,  and  in  a  northeasterly  «lirection  from  the  depot,  in  thefonnda- 
tion  wall  of  frame  store  building  (east  face*),  owned  by  Dr.  Elijah  Smith,  being  the 
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ceuter  of  copper  bolt  leaded  horizoutally ,  2  feet  from  the  Houthcast  corner.    Elevation, 

U.  S.  P.  B.  M.  92,  at  Bensenville,  Du  Page  County,  Illinois,  40  meters  north  of  depot, 
in  south  side  of  frame  store  building,  owned  by  C.  A.  Franz,  being  the  center  of  cop- 
per bolt  leaded  horizontally  in  the  stone  foundation,  one  foot  west  of  the  southeast 
:omer  and  2  feet  above  ground.     Elevation,  213i".6742. 

U.  S.  P.  B.  M.  9^3,  at  Mannheim,  Cook  County,  Illinois,  250  meters  northwest  of  the 
lepot  of  the  C,  M.  &  St.  P.  R.  R.,  in  the  south  side  of  the  base  of  the  brick  chimney  at  Mr. 
C.  H.  Bossenberg's  creamery,  being  the  center  mark  of  copper  bolt  leaded  horizontally 
in  the  middle  of  the  chimney  and  3  feet  above  the  ground.    Elevation,  204™.5069. 

U.  8.  P.  B.  M.  94,  at  Cragin,  Cook  County,  Illinois,  on  the  northeast  corner  of  Grand 
uidArmitage  avenues,  about  150  meters  north  of  the  line  of  theC.,M.  &St.  P.  R.  R.,in 
the  east  face  of  foundation  wall  of  Jennings's  brick  saloon  building,  being  the  center 
mark  of  copper  bolt  leaded  horizontally,  10  inches  from  the  southeast  corner  and  4 
feet  above  the  ground.    Elevation,  194^^4461. 

U.  S.  P.  B.  M.  95,  at  Chicago,  111.,  on  the  southeast  corner  of  Dixon  street  and  Bloom- 
ingdaleroadabout20nicter88outhwestof  crossing  of  the  C.,M.«&  St.  P  ,andC.  &N.  W. 
R.R.,in  the  west  face  of  brick  building  known  as  L.  Epps  <&  Co.'s  malt  house,  6 
inches  from  the  northwest  corner  and  2^  feet  above  the  ground,  being  the  center  of  a 
copper  bolt  leaded  horizontally.    Elevation,  186™. 4435. 

if.  S.  P.  B.  M.96,  at  Chicago,  111.,  on  the  south  side  of  Chicago  avenue  at  Nos.  242 
and  244,  near  Clark  street,  in  police  station  brick  bnildint;,  in  the  north  face  1  foot 
weat  of  the  northeast  corner  and  3^  feet  above  the  ground,  being  the  center  mark  of 
a  copper  bolt  leaded  horizontally.     Elevation,  188™. 4379. 

U.  o.  P.  B.  M.  97,  at  Chicago,  III.,  on  the  northeast  corner  of  Chicago  avenue  and 
Pine  street,  in  the  east  face  of  the  southeast  buttress  of  stone  engine-house  of  the 
Chicago  Water  Works,  in  the  stone  water- table  18  inches  north  of  tne  southeast  cor- 
ner and  3  feet  above  the  ground.     Elevation,  167^.6661. 

U.  S.  P.  B.  M.  98,  at  Chicago,  111.,  on  the  northwest  comer  of  Chicago  avenue  and 
Pine  street,  in  middle  of  the  south  wall  of  water  tower,  in  the  east  end  of  the  south 
ioorsill,  3  feet  above  the  ground,  being  the  top  of  a  copper  bolt,  leaded  vertically. 
Elevation,    188»".4896. 

U.  8.  P.  B.  M.  99,  at  Chicago,  III.,  in  Illinois  Central  Railroad  stone  freight  depot, 
itnated  on  Goodrich  street  docks  on  the  west  side  of  slip  A,  opposite  the  Central  Ele- 
vator, in  east  face  of  foundation  wall  1  foot  south  of  the  northeast  comer  and  2-^  feet 
>bove  the  ground,  being  the  center  mark  of  a  copper  bolt  leaded  horizontally.  Eleva- 
ion,  186»".:i673. 

U.  8.  P.  B.  M.  lUO,  in  Lake  Michigan,  on  the  crib  of  the  Chicago  Waterworks,  on  the 
op  of  the  iron  cylinder  of  shaft  of  the  5-foot  tunnel,  nearly  of  same  elevation  as  the 
ero  of  the  gauge,  on  the  east  side  of  the  top  of  the  shaft,  being  a  cross  (  X  )  cut  with 
old  chisel,  not  lettered. 

DESCRIPTIONS   AND   ELEVATIONS  OF  CHICAGO   CITY   BENCH-MARKS. 

The  city  directrix  is  8.01  feet  below  the  zero  of  the  crib-gauge,  which  reads  down- 
rards  from  the  top  or  zero.     Elevation,  182™. 8250. 

B.  M.  I  is  top  of  east  end  of  stone  step  of  private  entrance  to  No.  161  North  avenue, 
•n  the  northwest  corner  of  Halsted  street  and  North  avenue.     Elevation,  187™.6023. 

B.  M.  II  is  stone  step  went  corner  of  brick  house  No.  153  Division  street,  being  the 
bird  lot  west  of  Grace  street.     Elevation,  187™.  1148. 

B.  M.  Ill,  water  table  of  round-house,  northeast  corner  of  Halsted  and  West 
:;hicago  avenue,  establislied  before  "the  fire."    Elevation,  185™. 8526. 

B.  M.  IV,  extreme  corner  of  stone  sidewalk  at  the  northeast  corner  of  Wesson  street 
iUd  East  Chicago  avenue.    Elevation,  187™. 0355. 

B.  M.  VI,  east  end  of  coping  of  iron  fence  of  police  station  on  the  south  side  of 
^'hicago  avenue  near  Clark  street.    Elevation,  187™. 4947. 

B.  M.  VII,  on  comer  of  stene  water-table  northwest  corner  of  tower  of  St.  James 
yburch,  at  southeast  corner  of  Cass  and  Huron  streets.     Elevation,  187™.6217. 

B.  M.  VIII,  corner  of  stone  water-table^  southeast  corner  of  Chicago  Water  Works 
machine  shop),  east  of  Pine  street  on  Chicago  avenue.     Elevation,  186^.8559. 

B.  M.  IX,  north  comer  of  iron  frame  of  manhole  to  Chicago  avenue  shaft  at  Water 
iVorks  into  7-foot  tunnel,  said  to  have  been  disturbed  by  grading  sidewalk.  Eleva- 
ion,  186™.9567. 

>K8CRIPnONS  AND  ELEVATIONS  OF  UNITED  STATES  ENGINEERS,  BENCH-MAJIKS  AT 
CHICAGO,  ILL.,  SET  FROM  THE  CITY  BENCH-MARK  VII.  DESCRIPTIONS  TAKEN 
FROM  RECORDS  IN  THE  OFFICE  OF  MAJOR  W.  H.  H.  BENYAURD,  CORPS  OF  ENGI- 
NEERS. 

B.  M.  XI.  to)>  of  spike  on  United  States  easterly  breakwater  in  center  of  long  timber 
wd  6  incht'S  .south  oi'  second  cross-tie,  counting  from  inner  corner  of  breakwater. 
Elevation,  185"'.2797. 
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B.  M.  XII,  top  of  water-gange  chamber,  middle  of  aonth  wall  of  box.  Same  as  read 
in  1876-79.    Elevation,  185«n.4539. 

B.  M.  XIII,  upper  surface  of  lower  horizontal  bar  (oompreanon  member)  between 
the  southerly  pillars  of  light-house  on  the  north  side  of  the  month  of  Chioago  River. 
Elevation  185«».6345. 

DESCRIPTION    OF    PERBiANENT    BENCH-MARKS  OF  COAST  AND  OXODBTIC    8UBVXT  ON 
MISSISSIPPI  RIVER  FROM  GREENVILLE,  MISSISSIPPI,  TO  CARROLLTON,  LOIT^'SIANA. 

B.  M.  1  is  on  the  corrugated  iron  door-sill  of  a  brick  bnildins  in  Greenville,  known 
as  the  bank  building.  It  is  said  to  be  one  of  the  oldest  brick  onildings  in  town ;  the 
Levee  Board  has  its  rooms  in  this  building,  over  the  bank.  The  exact  point  is  near 
the  back  side  and  west  end  of  sill,  320  millimeters  from  fh>nt  face,  &5  millimeteiB  fh>m 
door-strip,  90  millimeters  from  right-hand  (west)  door  Jamb.  The  door  is  near  the 
northwest  comer  of  building,  in  north  side.  The  point  is  not  marked.  Elevation, 
46».0891. 

B.  M.  2  is  center  of  head  of  copper  bolt  10  centimeters  long  and  2  centimeters  diam- 
eter, leaded  horizontally  into  a  brick  in  the  fourteenth  tier  of  bricks  above  the  water- 
sill  of  the  large  chimney  of  C.  B.  Huntingdon's  gin-honse  near  Greenville,  Miss.  It 
is  on  the  side  of  the  chimney  facing  the  river.  The  gin-house  stands  about  half  a 
mile  below  the  town  and  as  far  from  the  river  bank.    The  chimney  is  said  to  be  the 
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oldest  one  erected  for  its  purpose  in  Washington  County.    The  letters Q  are  oat  in  the 
brick,  as  here  shown.    Elevation,  46°'.5836.  B.  M. 

B.  M.  11  is  top  of  copper  bolt  in  top  of  cement  post  3  feet  long,  set  with  top  flash 
with  surface  or  ground  in  yard  of  Mr.  Warfield  on  Highland  rlMitation,  Warfield 
Point,  Washington  County,  Mississippi.  The  cement  post  is  north  of  the  hoose,  be- 
tween tbo  line  of  the  fence  and  a  Cottonwood  tree  about  4  feet  in  diameter,  and  iseig^t 
feet  from  the  tree.    Elevation,  46™. 5590. 

B.  M.  19  is  the  center  of  head  of  a  copper  bolt  about  2  centimeters  in  diameter  leaded 
horizontally  into  the  brick  chimney  of  the  gin-house  of  Refuge  Plantation.  The  chim- 
ney is  cylindrical  aud  stands  about  1  mile  north  of  Refuge  Landing  and  about  ^  mile 
back  from  the  chute  of  Ibland  84.  The  bolt  is  about  3  feet  alSove  ground.  £levation. 
46™.0042. 

B.  M.  22  is  the  center  of  head  of  a  copper  bolt  about  2  centimeters  in  diameter  leaded 
into  the  brick  foundation  of  Mr.  Richardson's  store  at  Refuge,  Mississippi.  Ihe  bolt 
is  in  the  twenty -first  tier  of  bricks  above  the  water  sill  of  the  second  pier  from  tl^ 
levee  on  the  northwest  side  of  the  building.    £levation,  45".74^ 

B.  M.  33  is  the  center  of  head  of  a  copper  bolt  2  centimeters  in  diameter  leaded  hor- 
izoutally  into  the  brick  foundation  on  the  front  side  of  the  dwelling  of  Wayside  Plan- 
tation, near  the  banks  of  Luke  Lee,  Washington  County,  Mississippi.  It  is  in  th^ 
fourth  tier  of  brick  below  the  wood  sill  and  in  the  eightn  tier  above  the  joroand.  It 
is  0"i.35  touthfrom  the  south  end  of  the  i>orch  and  0°*.64  from  the  north  eim  of  a  amftU 
ventilator  covered  with  iron  grating.    Elevation,  43™.  1845. 

B.  M.  39  is  the  center  of  head  of  a  copper  bolt  2  centimeters  in  diameter  leaded  hor^ 
izontally  into  the  north  face  of  the  large  brick  chimney  of  gin-house  on  Buokner'aea- 
tato,  Auburn  Plantation,  Washington  County,  Mississippi.  The  letters  U.  S.  B.  If.  ai» 
cut  in  the  surrounding  bricks.  The  chimney  standaAbout  1.5  kilometers  south  of  tiio 
levee  running  along  Lake  Lee.     Elevation,  42™.3212. 

B.  M.  42  )R  the  center  of  head  of  a  copper  bolt  leaded  horizontally  into  the  iai|re  briok 
chimney  of  gin-house  of  Glenora  Plantation,  Washington  County,  MississippL  The 
^in-honsc  stands  about  a  kilometer  back  of  the  levee.  The  letters  U.  8.  B.  Su  are  cot 
in  the  surrounding  bricks.    Elevation,  42^.6024. 

B.  M.  4()  is  the  center  of  head  of  a  copper  bolt  2  centimeters  in  diameter  leaded  hor- 
izontuUy  into  the  west  face  of  the  gin-honse  chimney  of  Mr.  Merit  Williams  on  Loug- 
wood  Plantation,  Washington  County,  Mississippi.  The  chimney  stands  about  270 
meters  back  from  the  loveo  and  about  700  meters  from  the  river.  The  benoh-mark  ii 
in  tbe  middle  of  the  thirteenth  brick  above  water-sill  and  fonrth  brick  from  eoath- 
west  corner  of  chimney.     Elevation,  42'".7002. 

B.  M.5()  is  the  top  of  a  copper  bolt  2  centimeters  in  diameter  and  20  centini'  tersloi  g 
placed  vertically  in  a  cement  post  set  in  ground  100  feet  east  ofroad  leading  from  I^kA 
Washington  Landing  to  Lake  Washington  and  53  feet  south  of  levee.  It  is  on  the 
plantation  owned  by  D.  M.  Hill.    Elevation,  42"'.0971. 

B.  M.  62  is  the  center  of  head  of  copper  bolt  2  centimeters  in  diameter  and  7  c<'nti- 
meters  long,  lea<1ed  horizontally  into  the  brick  underpinning  of  dwelling  bouse  of  W. 
W.  Worthington,  jr.,  just  back  of  Leota  on  the  Maryland  Plantation.  Waslii.i^fou 
County,  Mississippi.  The  house  is  about  250  meters  from  the  levee.  Th«4  bolt  is  in 
center  of  second  brick  below  wood-sill  and  sixth  brick  west  of  ranall  v«  ntilator.  Ele- 
vation. 42".754l. 
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fi.  M.65  is  center  of  head  of  a  copper  bolt  leaded  horizontally  into  a  brick  in  front 
aide  of  dwellin^ic-honse  on  Albemarle  Plantation*  Washington  Connty,  Mississippi, 
owned  by  Mr.  U.J.Johnson.  It  is  in  the  second  brick  below  water-sill,  and  abont 
tbo  miiidle  of  the  large  brick  column  on  the  ^eft-hand  side  of  the  entrance  to  the 
house.  The  house  is  about  1  mile  below  Leota  and  about  150  meters  from  the  river. 
Elevation,  42«.9107. 

B  M.  70  is  the  center  of  bead  of  a  copper  bolt  leaded  horizontally  into  the  brick 
pillar  nt  the  northwest  corner  of  the  dwelliug  bouse  on  Palmetto  Plantation,  owned 
by  F.  G.  Kershaw,  in  Washington  County,  Mississippi.     Elevation,  40'".93ll. 

Q.  M.  H3  is  the  center  of  hoocl  of  a  copper  bolt  leaded  horizontally  iuto  second  brick 
pillar  north  from  main  entrance  of  dwelliog-house  owned  by  Mr.  Robert  Turnbull, 
on  Riverdale  Plantation,  in  Issaquena  County,  Mississippi.  It  is  in  third  tier  of  bricks 
below  the  weatherboarding.    Elevation,  40™.67(j5. 

B.  M.  90  is  the  center  of  head  of  a  copper  bolt  leaded  horizontally  into  the  front  face 
of  the  brick  pillar  that  supports  the  southwest  corner  of  the  portico  of  Col.  H.  B. 
Keep's  house  on  Glen  Annie  Plantation,  abont  *2  miles  above  Mayersville,  in  Isnaquena 
County,  Mississippi.   Elevation,  40™.0159. 

B.  M.95  is  the  center  of  head  of  copper  bolt  leaded  horizontally  into  the  west  side 
of  the  brick  chimney  at  the  north  end  of  the  dwelliog-house  on  Wade  Lawn  Planta- 
tion, owned  by  Mr.  V.Preston,  about  one-fourth  mile  oelow  Mayersville,  Miss.  The 
bolt  is  about  2  meters  above  the  ground.    Elevation,  40i°.3005. 

B.  M.  105  is  the  center  of  head  of  a  copper  bolt  leaded  horizontally  into  the  V^ick 
ehimney  of  gin -house  on  Reserve  Plantation,  owned  by  Mr.  S.  Duncan.  The  bolt  is 
in  the  center  of  a  brick  on  the  west  side  of  the  chimney  and  about  1^  meters  from  the 
ground.  The  gin-house  is  about  one-fourth  mile  from  the  levee,  and  about  3^  miles 
ftbove  Ben  Lomond  P.  O.,  Issaquena  County,  Mississippi.  ^  Elevation,  39™. 2:^93. 

B.  M.  112  is  the  center  of  head  of  copper  bolt  leaded  horizontally  into  the  brick 
chimney  of  gin-house  on  Ben  Lomond  Plantation,  owned  by  George  M.  Brown.  The 
rio-house  is  about  600  meters  from  the  levee,  and  just  back  from  Ben  Lomond  P.  O. 
[*he  bolt  is  in  the  center  of  a  brick  on  the  wt'St  ^ide  of  the  chimney  and  about  one 
Defer  and  a  half  from  the  ground.     Elevation,  39™.4508. 

B.  M.  124  is  the  center  of  head  of  copper  bolt  leaded  horizontally  into  the  brick 
uuDdation  of  Tallulah  yost-ofiQce  building,  better  known  as  '-Old  Tallulah  Court- 
Yoasc,"  abont  2  miles  above  Tallulah  Landiug,  Issaquena  County,  Mississippi.  The 
lolt  is  near  the  southeast  corner  of  the  house,  and  about  1  foot  above  the  ground, 
ilevation,  37».9932. 

B.  M.  128  is  the  center  of  head  of  copper  bolt  leaded  horizontally  into  the  brick 
oundation  of  the  dwelling-house  on  Lock  wood  Plantation,  owned  by  R.  B.  Phipps. 
The  house  is  about  one-tbird  mile  above  Tallulah  Landing.  Tbo  bolt  is  near  the 
ontheast  comer  of  the  house,  in  the  twentieth  brick  from  the  bottom  and  third  from 
he  southeast  comer.    Elevation,  38™.5691. 

B.  M.  137  is  the  center  of  head  of  copper  bolt  leaded  horizontally  into  a  brick  pillar 
mpporting  the  porch  of  dwelling-house  on  Elliston  Plantation,  owned  by  Mr.  F.  W. 
Saya,  a  little  below  Hays  P.  O.,  Issequena  County,  Mississippi.  The  bolt  is  near  the 
niddlc  and  top  of  the  first  pillar  to  the  right  of  the  steps  leading  up  to  the  porch. 
Slevation,  38°».4772. 

B  M.  140  IS  the  center  of  head  of  a  copper  bolt  leaded  horizontally  into  brick  chim- 
ley  of  cotton-gin  on  Shiloh  Plantation,  owned  by  Mr.  J.  W.  Heaih.  The  bolt  is  in 
iht*  fourth  brick  from  a  row  of  projecting  bricks,  near  the  center  of  the  north  side  of 
chimney,  and  about  7  feet  from  the  ground.  The  letters  U.  S.  B.  M.  are  cut  in  the 
lurrounding  bricks.    Elevation,  40™.0023. 

B.  M.  150  is  the  center  of  head  of  a  copper  bolt  leaded  horizontally  into  brick  chim- 
ney of  dwelling-house  owned  by  Mr.  Z.  Leatherman,  about  4  miles  below  Hays's  P. 
3.,  and  about  the  same  dibtance  above  Ingomar  P.  0.,  Issaquena  County,  Mississippi. 
rhe  bolt  is  in  the  second  brick  from  the  southwest  edge  of  chimney,  and  abont  4.5 
feet  above  the  ground.    Elevation,  38'».3523. 

B.  M.  15.'}  is  tne  center  of  head  cf  a  copper  bolt  leaded  horizontally  into  brick  chim- 
uey  of  cotton-gin,  owned  by  Dr.  J.  W.  Butts,  on  Tennessee  Plantation,  about  3.5 
miles  above  Ingomar  P.  O.,  Issaquena  County,  Mississippi.  The  bolt  is  on  the  west 
side  of  chimney  and  near  the  southwest  corner.  The  letters  U.  S.  B.  M.  are  cut  in 
the  surrounding  bricks.    Elevation,  38™.01b7. 

B.  M.  1()1  is  center  of  head  of  copper  bolt  leaded  horizontally  into  brick  chimney  of 
a  cabin  on  the  Henderson  Plantation,  owned  by  Mrs.  Emma  E.  Peck,  in  East  Car- 
roll Parish,  Louisiana.  The  cabin  is  about  three-fourths  mile  from  Henderson's  Land- 
ing. The  bolt  is  in  the  east  face  of  the  chimney  and  the  letters  U.  S.  B.  M.  are  cut  in 
the  surrounding  bricks.     Elevation,  36™. 4223. 

B.  M.  162  is  center  of  head  of  copper  bolt  leaded  horizontally  into  west  face  of  brick 
pillar  of  dwelling-house  owned  by  Mrs.  Emma  E.  Peck,  on  the  Henderson  Plantation, 
about  one-eighth  mile  above  Henderson  Landing,  East  Carroll  Ptfrish,  Louisiana.  Ele- 
Tation*  37">.^06. 
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B.  M.  171  is  ceuter  of  head  of  copper  bolt  leaded  horizoDtally  into  brick  chimney  of 
dwelliug-house  owned  by  Mrs.  Sarah  E.  Nutt,OD  Ditohley  Plantation.  The  hoose  is 
about  oue-foarth  mile  above  Omega  P.  O.,  Madison  Parish,  Lonisiana.  Elevation, 
35°».  6-283. 

B.  M.  179  is  center  of  head  of  copper  bolt  leaded  horizontally  into  brick  fonndation 
of  dwelliug-house  owned  by  Mr.  H.  P.  Morancy,  on  English  Field  Plantation,  Madi- 
son Parish,  Lonisiana.  The  bolt  is  in  the  sixth  brick  from  the  top  of  the  foundation 
and  in  the  third  from  the  northwest  corner.  The  bonse  isabont  three-fonrths  mile 
above  Milliken's  Bend  and  about  a  half  mile  from  the  river.    Elevation,  35™.9253. 

B.  M.  184  is  center  of  head  of  copper  bolt  leaded  horizontally  into  brick  pillar  sup- 
porting northeast  corner  of  porch  of  dwelling-house  owned  by  the  Citizens'  Bank  of 
Louisiana,  on  River  View  Plantation,  Madison  Parish,  Louisiana.  The  house  is  about 
one  and  one-fourth  miles  below  Milliken's  Bend,  and  about  one-fourth  mile  from  river. 
Elevation,  34°».y761. 

B  M.  188  is  ceuter  of  head  of  copper  bolt  leaded  horizontally  into  east  face  of  brick 

Sillar  supporting  northeast  corner  of  dwelling  on  Cabin  Teele  Plantation,  owned  by 
^  Irs.  L.  R.  Marshall.  The  house  is  about  three  and  one-fourth  miles  below  Milliken's 
Bend,  and  a  half  mile  from  the  river.     Elevation,  36^.2719. 

B  M.  197  is  ceuter  of  head  of  copper  bolt  leaded  horizontally  in  center  of  face  of 
middle  brick  of  third  course  from  top,  of  third  pillar  from  northeast  comer  of  porch 
of  dwelling-house  on  Duck  Port  Plantation,  Madison  Parish,  Louisiana,  owned  by  Mr. 
G.  L.  Barrey.     Elevation,  3r)™.8365. 

B.  M.  207  is  center  of  head  of  copper  bolt  leaded  horizontally  in  the  south  chimney 
of  dwelling-house  on  Echo  Plantation,  Madison  Parish,  Louisiana,  owned  by  Mattingly 
and  Flowcrce.  The  bolt  is  in  the  third  brick  from  the  southeast  comer  and  in  toe 
twenty-first  course  from  the  ground.    Elevation,  35™.9813. 

B.  M.  211  is  center  of  head  of  copper  bolt  leaded  horizontally  in  center  of  face  of 
middle  brick  of  eighth  course  from  the  ground  of  second  pillar  from  southeast  comer 
of  porch  of  dwelling-house  owned  by  Goodman  and  Bradford,  on  Willow  Glen  Plan- 
tation, Mrtdison  Parish,  Louisiana.     Elevation,  33'".9698. 

B.  M.  21.^)  is  the  end  of  the  vertical  ray  of  a  five-rayed  cast-iron  star  on  the  sonth 
end  of  parish  clerk's  office,  a  brick  building  near  the  court-house  in  Delta,  Madiaon 
Parish,  Louisiana.  The  s^ar  is  a  tie-rod  plate,  and  is  about  4  feet  from  the  ground, 
and  three  feet  from  the  southeast  corner  of  the  building.    Elevation,  34".08:W>. 

B.  M.  2'i5  is  ceuter  of  head  of  copi>er  bolt  leaded  horizontally  in  center  of  face  of 
middle  brick  of  tenth  course  from  the  ground,  of  second  pillar  from  southeast  comer 
of  dwelling-house  owned  by  Mr.  G.  W.  Bedford,  on  Point  Place  Plantation,  Bfadison 
Parish,  Louisiana.  The  house  is  about  three-fourths  mile  from  the  river  and  opposite 
Warrenton,  Miss.     Elevation,  33™.9-02. 

B.  M.  a^Vii  is  the  center  of  head  of  copi)er  bolt  leaded  horizontally  in  east  chimney 
of  dwelling-house  owned  by  Mr.  Orange  Christmas,  on  Crystal  Springs  Plantation, 
Ma<lison  PariHh,  Louisiana.  The  brick  is  the  second  from  the  southeast  edge  of  chim- 
ney and  is  in  the  twelfth  course  irom  the  ground.  The  house  is  about  4  miles  below 
Warrenton,  Miss.,  and  about  2  miles  from  the  Mississippi  River.     Elevation,  32™.9195. 

B.  M.  243  is  center  of  head  of  copper  bolt  leaded  horizontally  in  the  middle  of  sonth 
face  of  southeast  chinniey,  15  inches  from  the  ground,  of  Kellogg's  P.  O.  building, 
Madison  Parish,  L(»uisiana.  The  building  is  owned  by  W.  D.  white  of  Kentucky 
and  is  about  400  meters  from  the  river.    Elevation,  33™.1167. 

B.  M.  240  is  to))  of  a  cop))er  bolt  in  top  of  cemeut  post  3  feet  long  and  6  inches  in 
diameter,  set  in  the  ground  on  Sargent's  Point  Plantation,  Madison  Parish,  Lonisiana, 
owned  by  Mrs  Rachel  Wilkinson.  The  cement  post  was  sot  with  top  flush  with  sur- 
face of  ground,  and  is  about  600  meters  from  the  river.  It  is  near  somecabiua  aronnd 
which  are  water-oak  and  pecan  trees.  Two  of  the  water-oaks,  11.2  and  10.5  meters 
distant  from  the  bench-mark,  were  marked  with  triangular  blazes.  Elevation, 
32"».3:I2G. 

B.  M.  258  is  center  of  head  of  cojiper  bolt  leaded  horizontally  in  a  brick  about  4 
feet  from  the  ground  and  about  the  middle  of  the  north  face  of  the  north  chimney  of 
dwelling  owned  by  Mr.  George  W.  Turner,  on  Point  Pleasant  Plantation,  Tensas  Pariah, 
LouiHiana.     The  house  is  about  one-third  mile  from  the  river.     Elevation,  ^"^,96^7, 

B.  M.  202  is  center  of  head  of  copper  bolt  leaded  horizontally  in  center  of  face  of 
middle  brick  of  the  twelfth  course  from  the  foundation  in  the  sonth  face  of  the  east 
chimney  of  dwelling  owned  by  Mr.  E.  Loyd,  on  Riverside  Plantation,  Tensas  Parish, 
Louisiana.     The  house  is  ab(mt  one-half  inile  from  f  e  river.     Elevation,  31™.C104. 

B.  M.  272  is  top  of  copper  bolt  in  top  of  cement  block  18  inches  long  and  8  inches 
in  diameter  set  in  ground  on  Hard  Times  Landing,  Tennas  Parish,  Louisiana^  owned 
by  Mrs.  G.  H.  Holling8wor:h.  It  is  about  000  meters  from  the  Mississippi  River, 
about  50  meters  from  the  bank  of  Lake  SSt.  Joseph,  and  near  a  cabin.  Elevation,  30"*. 
3201. 

B.  M.  280  is  center  of  head  of  copper  bolt  leaded  horizontally  in  center  of  face  of 
middle  brick  of  tenth  course  from  the  foundation,  in  the  southeast  face  of  brick  chim- 
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Dey  of  gio-house  on  Wavelaud  Plantation,  Tensas  Parish,  Louisiana,  owned  by  Mr. 
John  Bondurant.  The  gin-house  is  about  500  meters  from  the  bank  of  the  river  and 
about  8  kilometers  above  St.  Joseph,  La.    Elevation,  30™. 0533. 

B.  M.  286  is  center  of  head  of  copper  bolt  leaded  horizontally  in  center  of  face  of 
foorth  brick  from  northeast  comer,  twenty- third  course  from  ground,  of  brick  chimney 
of  gin-house  on  Panola  Plantation,  owned  by  J.  M.  Gillespie..  It  is  about  2  kilometers 
above  St.  Joseph,  La.,  and  about  1  kilometer  from  the  river.    Elevation,  31™.  1115. 

B.  M.  291  is  center  of  head  of  copper  bolt  leaded  horizontally  in  north  face  of  brick 
chimney  of  ^in-house  on  Duck  Pond  Plantation,  owned  by  Captain  Robert  Worrell. 
The  bolt  is  m  fifth  brick  from  the  northeast  edge  of  chimney  and  in  the  seventh  course 
below  the  projecting  course.  The  gin-house  is  about  2  kilomett^rs  below  St.  Joseph 
and  about  500  meters  back  from  St.  Joseph  Lauding.    Elevation,  29™. 3873. 

B.  M.  297,  or  LXXIII,  is  a  marble  post  buried  in  the  ground  on  the  left  of,  and  quite 
near,  the  steps  leading  to  the  front  entrance  of  Captain  E.  L.  Whitney's  residence  on 
Villa  Clara  Plantation,  Tensas  Parish,  Louisiana;  Bieller's  Landing  is  on  Villa  Clara 
Plantation.  The  pose  is  5  inches  square  and  2  feet  6  inches  long,  and  the  top  is  marked 
thus: 

U.S. 
B.  o  M.    The  bottom  of  the  cavitj'  was  used  as  the  bench-mark.    Elevation,  27™.8439, 
1881. 

B.  M.  LXXII  is  bottom  of  cavity  in  top  of  marble  post,  5  inches  square  and  2.5  feet 
long,  buried  in  the  ground  on  the  right  and  near  the  front  entrance  of  Mr.  W.  H.  Gk)ld- 
mau's  residence  on  Stockridge  Plantation,  at  Kemp's  Landing,  Tensas  Parish,  Louis- 
iana.    Elevation,  28™.3007. 

B.  M.  LXXI  is  bottom  of  cavity  in  top  of  marble  post,  5  inches  square  and  2.5  feet 
long,  buried  in  the  yard  on  the  left  of,  and  quite  near,  the  steps  leadinij^  to  the  front 
em  ranee  of  Mr.  A  P.  Martin's  residence  at  Water  Proof,  Tensas  Parish,  Louisiana. 
Elevation,  26™.6946. 

B.  M.  LXX  is  a  cross  cut  on  the  top  surface  of  an  old  cistern  which  is  in  an  open 
field  about  3  miles  below  the  town  of  Water  Proof,  La.  The  cistern  is  about  50  meters 
from  the  main  levee  and  190  meters  from  junction  of  main  and  old  levees,  marked 
^itb  the  letters  U.  S.  B.  M.,  1881.     Elevation,  2(>™.8774. 

B.  M.  LXIX  is  the  head  of  copper  tack  in  cedar  stub  which  marks  the  center  of 
triangular  ion  station  Duncan,  just  above  L'Argent,  Tensas  Parish,  Louisiana.  Elc- 
iration,  28™.0397. 

B.  M.  LXVIII  is  a  cross  cut  on  top  of  cistern  in  yard  of  house  on  Agnasea  Planta- 
tion, about  one-half  mile  below  L'Argent  Landing.  The  bench-mark  is  on  west  side 
of  top  of  cistern,  marked  with  the  letters  U.  S.  B.  M.    Elevation,  27™.3280. 

B.  M.  LXVII  is  bottom  of  cavity  in  top  of  marble  post  buried  in  the  ground  within 
the  inclosure  on  the  right  of  Stanton  &  Brandon's  Store,  and  near  the  corner  of  the 
store  at  Gibson's  Landing,  Concordia  Parish,  Louisiana.  The  top  of  the  post  is  about 
4  inches  above  ground.    Elevation,  26™. 3175. 

B.  M.  LXVI  is  bottom  of  cavity  in  top  of  marble  post  buried  in  the  ground  on  the 
right  of,  and  quite  near,  the  steps  leading  to  the  front  entrance  of  Mr.  E.  W.  Walls' 
residence  at  Bullit's  Bayou  (Good  Hope)  Landing.  The  top  of  the  post  projects  4 
inches  above  the  ground.    Elevation,  25™.8329. 

B.  M.  LXV  is  bottom  of  cavity  in  top  of  marble  post  buried  in  levee  opposite  an  old 
brick  wall  about  4.5  miles  above  Vidalia,  La.  The  post  is  11  meters  south  of  a  lone 
tree  and  10  meters  south  of  the  brick  wall,  and  its  top  projects  4  inches  above  ground. 
Elevation.  27™.0146 

B.  M.  LXIV  is  cross  cut  in  top  of  iron  screw  pile  marking  triangulation  station  Palo 
Alto,  about  one  mile  north  of  Vidalia,  La.  it  is  on  the  west  side  of  the  road  and 
about  250  meters  from  it.    Elevation,  25™.93.32. 

B.  M.  LXIII  is  top  of  copper  bolt  in  center  of  top  of  monument  marking  southeast  end 
ot  the  Vidalia  base  line.  The  monument  is  in  a  lot  immediately  back  of  the  court- 
house and  jail  at  Vidalia,  is  14  inches  square  at  top,  and  projects  14  inches  above 
ground.    Elevation,  24™.8472. 

B.  M.  LXII  is  bottom  of  cavity  in  top  of  marble  post  buried  in  the  ground  near 
steps  leading  to  the  Ircyit  entrance  of  Judge  W.  H.  Hough's  residence  in  Vidalia,  La. 
The  post  is  on  the  right  of  the  steps  and  its  top  is  about  4  inches  above  ground.  Ele- 
vation, 25™.4965. 

B.  M  LXI  is  cross  cut  in  top  of  iron  screw  pile  marking  triangulation  station  Gai- 
ther.  It  is  about  one  mile  below  Vidalia,  in  an  open  field  and  on  right-hand  side  of 
road  leading  to  Vidalia.     Elevation,  24™. 9452. 

B.  M.  LX  is  bottom  of  cavity  in  top  of  marble  post  buried  in  the  ground  on  the  right 
of,  and  quite  near,  the  steps  leading  to  the  front  entrance  of  Mr.  Abner  Crother's  resi- 
dence on  Moro  Plantation,  about  9.75  miles  below  Vidalia.  The  top  of  post  is  about 
5  inches  above  ground.     Elevation,  25™. 7543  . 

B.  M.  LVIII  is  center  of  top  of  granite  post  marking  triangulation  station  Ashlev, 
on  Ashley  Plantation,  Concordia  Parinh,  Louisana.     It  is  about  2  miles  below  Morvilie 
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LandiDg  is  300  meters  soiitli  of  Willow  Grove,  160  meters  east  of  levee,  and  15  meters 
from  river.    Elevation,  22™.6927. 

B.  M.  LVII  is  bottom  of  cavity  in  top  of  marble  poet  buried  in  ffronnd  Joat  eaat  of 
steps  leading  to  front  entrance  of  residence  on  Deer  Park  Plantation,  owned  by  Mr. 
A.  D.  Rawlings.  The  top  of  the  post  is  about  3  inches  above  ground.  The  house  is 
about  oue-fourtb  mile  from  the  river,  south  of  the  main  road  leading  to  Vidalia,  and 
about  24  miles  below  Vidalia.    Elevation,  24™.2349. 

B.  M.  LVI  is  center  of  to))  of  limestone  post  marking  trianjnilation  station  Pecan, 
on  Pecan  Plantation,  owned  by  Mr.  Sargent  Shields,  Concordia  Parish,  Louisiana.  The 
station  stands  30  meters  from  the  bank  on  the  top  of  the  State  levee  running  across 
Esperance  I'oiut.  A  small  levee  starts  ont  to  the  west  4  meters  to  ther\iorth  of  the 
station.    It  is  50  meters  south  of  where  road  crosses  main  levee.    Elevation,  25^.0^19. 

B.  M.  LV  is  top  of  marble  post  buried  in  the  ground  to  the  right  of  the  steps  lead- 
ing to  the  front  entrance  of  the  residence  on  Braleston  Plantation,  nearFairview  P.  C, 
Louisiana.    The  top  of  stone  is  abont  3  inches  above  ground.    Elevation,  23™.3177. 

B.  M.  LIV  is  top  of  granite  post  buried  in  the  ground  on  the  left  of  the  steps  lead- 
ng  to  the  front  entrance  of  Mr.  William  G.  Walton's  residence  on  Ashland  Plantation 
near  Bougere  P.  O.,  Louisiana.    The  top  of  stone  is  about  3  inches  above  ground.    Ele- 
vation, 23«n.r>622. 

B.  M.  LIII  is  top  of  granite  post  buried  in  the  ground  to  the  right  of  the  steps  lead- 
ing to  the  east  entrance  of  Mr.  Ed.  Pullen's  residence,  at  Black  Hawk  P.  O.,  Louisiana. 
The  top  of  post  is  about  3  inches  above  ground.    Elevation,  22™.1262. 

B.  M.  LII  is  cut  in  the  brick  top  of  cistern  used  to  supply  with  water  the  engine  of 
gin-house  on  Bnllumagan  Plantation,  Concordia  Parish,  Louisiana.  The  cistern  is 
quite  near,  and  on  the  right  of  road  leading  from  Point  Breeze  to  Black  Hawk,  and  is 

U.  8. 
about  3  miles  from  the  latter  place.    The  B.  M.  is  marked  thus:  B.  o  M.    Elevation. 

LIL 
23^.3903. 

B.  M.  LI  is  top  of  copper  bolt  in  top  of  stone  monument  marking  the  northeast 
end  of  Lum's  Point  base  line  on  Point  Breeze  Plantation,  Louisiana,  owned  by  Mr. 
Trager.     Elevation,  22°».3926. 

B.  M.  L  is  top  of  copper  bolt  in  top  of  stone  monument  marking  the  southwest 
end  of  Lnm's  Point  base  line,  in  Concordia  Parish,  Louisiana,  nearly  opposite  Fort 
Adams,  Miss.  The  bench-mark  is  on  the  place  owned  by  Mr.  Lum,  of  Vicksburg, 
and  occupied  by  Mx.  A.  A.  Cox.  It  is  on  the  west  side  of  a  farm  road  in  a  cultivated 
field  and  very  neartL  gate.    Elevation,  22°».3519. 

B.  M.  XLIX  is  a  granite  post  buried  at  the  southwest  comer  of  the  house  of  Mr. 
J.  R.  Mathews,  just  above  the  corners  at  the  upper  end  of  the  village  of  Fort  Adams, 
Wilkinson  County,  Mississippi.     Elevation,  27™.0*271. 

B.  M.  XLVIII  is  a  granite  post  buried  at  the  southeast  comer  of  the  store  of  Leh- 
mann  and  Lauenburgh,  back  of  an  old  cotton-gin  a  short  distance  above  ClarksviJle 
Landing,  Wilkinson  County,  Mississippi.  The  store  is  at  the  point  wheie  the  load 
from  Fort  Adams,  after  crossing  the  hills,  comes  out  on  the  low  platean  extending  to 
the  river.    Elevation,  30™.  1924. 

B.  M.  XLVII  is  a  granite  post  placed  close  to  the  back  fence  of  the  yard  aronnd 
dwelling  on  Tarbert  Plantation,  Wilkinson  County,  Mississippi.  The  plantation  lies 
between  Angola  and  Langsido  Plantations,  extends  beyond  the  State  line,  and  is 
owned  by  Mr.  Jenkins,  of  Natchez.    Elevation,  21™.3066. 


back 

posite 

a  square  aperture  was  cut,  exposing  the  upper  surface  of  the  brick.    TEis  brick 

snrfuce  was  used  as  the  bench  mark.    Elevation,  22™.d666. 

B.  M.  XLV  is  a  granite  post  placed  in  the  yard  of  Mr.  Archie  Smith,  near  Hog  Point 
Landing,  Snnthland  P.  O.,  Point  Coupee  Parish,  Louisiana.    Elevation,  90"*.9t£]2. 

B.  M.  XLIV  is  a  granite  post  placed  just  beside  the  front  stops  of  Dr.  A.  A«  Balch- 
elor's  house,  on  Belie  Vista  Plantation,  on  Old  River,  Point  Coupte  Pariah,  LouiaiaDak 
Elevation,  19">.VilI0. 

B.  M.  XLIII  is  a  granite  post  in  front  of  house  of  Mr.  Edgard  Laconr,  close  to  Bae- 
courci  Landing,  Point  Coupee  Parish,  Louisiana.    Elevation,  17"^.9799. 

B.  M.  XLII  IS  top  of  granite  post  buried  with  top  3  inches  oelow  surface  of  gronndy 
at  the  junction  of  tiie  **  Grand  Levee"  and  a  branch  levee  running  to  Morgansa  Land- 
ing.   It  is  about  half  a  mile  below  Morganza.     Elevation,  20™.^80. 

B.  M.  XLI  is  a  granite  post  placed  beside  the  front  steps  of  house  on  Morrison  Plan- 
tation, Point  Coupee  Parish,  Louisiana.    Elevation,  18^.4308. 

B.  M.  XL  is  a  granite  post  placed  by  the  side  of  the  front  steps  of  house  on  Poydraa 
Plantation,  Point  Coupee  Parish,  Louisiana.  It  is  about  half  a  mile  alK)ve  the  *'New 
Road'^  leading  to  the  Court  House  at  False  River.  This  part  of  the  f  lurish  is  knowm 
as  the  *' Point  Coupee  Settlement."    Elevation,  17".5072. 
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B.  M.  XXXIX  is  top  of  copper  bolt  in  limestone  monument  at  the  northwest  end  of 
base  line  directly  opposite  Bayon  Sara,  Louisiana.  Elevation,  18™.0263. 

B.  M.  XXXVIII  is  top  of  copper  bolt  in  limestone  monument  marking  southeast 
end  of  base  line  nearly  opposite  Bayou  Sara,  Louisiana.    Elevation,  18™.  1595. 

B.  M.  XXXVII  is  upper  edg(»  of  a  mark  cut  on  the  front  of  the  **  Saint  Claude  Store  " 
at  Waterloo,  Point  Coupee  Parish,  Louisiana.  The  store  is  built  of  brick  and  belongs 
to  Mr.  Robin.  The  bench-mark  is  nearly  on  the  middle  line  of  the  front  and  is  5.44 
ieet  above  the  ground.    Elevation,  19™.8775. 

B.  M.  XXXVI  is  a  granite  post  placed  in  front  of  the  house  of  Mr.  C.  Devall,  Sans 
Souci  Plantation,  west  Baton  Rouge  Parish,  Louisiana.  The  house  fronts  on  a 
bayon,  the  remains  of  the  old  river  channel,  and  is  on  the  road  leading  directly  back 
from  Hermitage  Lajidin^.    Elevation,  17'°.6413. 

B.  M.  XXX  V  is  a  granite  post  placed  in  the  back  comer  of  the  inclosure  around  the 
''  Kelson  Store,''  owned  by  Capt.  John  J.  Brown,  West  Baton  Rouge  Parish,  Louisiana. 
The  store  is  opposite  the  upper  part  of  Profit  Island.    Elevation,  l(i°*.6d59. 

B.  M.  XXXiv  is  a  granite  post  in  front  of  the  house  of  Mr.  B.  Chamberlain,  jr.,  and 
isaliout  abalf  a  mile  above LobdelPs  Store,  at  Grossman's  Landing,  West  Baton  Rouge 
Parish,  Louisiana.     Elevation,  15'".7861. 

B.  M.  XXXI n  is  a  granite  post  buried  in  front  of  the  pillar  at  the  northwest  comer 
of  house  of  Mr.  A.  Guesnard,  Belmont  Plantation,  West  Baton  Rouge  Parish,  Louis- 
iana.   Elevation,  I5n>.5322. 

B.  M.  XXXII  is  a  granite  post  buried  in  the  flower  garden  in  front  of  house  on  plan- 
tation of  Mr.  J.  H.  Gay,  West  Baton  Rouge  Parish,  Louisiana.  The  plantation  is 
directly  opposite  the  city  of  Baton  Rouge,  and  just  below  the  ferry  landing.  Eleva* 
tion.  14'».8454. 

B.  M.  XXXI  is  a  bench-mark  of  the  U.  S.  Engineers.  It  is  the  edge  of  one  of  the 
foundation  courses  of  the  tower  on  the  north  side  of  the  western  entrance  to  the  State- 
bouse  at  Baton  Rouge,  Louisiana.     It  is  marked,  U.  S.  E.    Elevation,  25™.  1920. 

B.  M.  XXX  is  the  surface  of  the  limestone  monument  at  the  north  end  of  Baton 
Rouge  base  line.  'It  is  situated  in  a  cane-field  belonging  to  Messrs.  Weeks  and  Mc- 
Cullan,  700  meters  south  of  Baton  Rouge  city  limits,  and  97  meters  from  river  road. 
Elevation. 

B  M.  XXIX  is  a  point  surrounded  by  a  shallow  groove  upon  the  top  of  the  lime- 
atone  monument  at  the  south  end  of  Baton  Rouge  base  line.  It  Is  1,622  meters  from 
North  Base,  is  between  the  river  road  and  the  levee,  is  42  feet  from  angle  of  levee  and 
29.7  feet  from  comer  of  fence.     Elevation,  14™. 7455. 

B.  M.  XXVIII  is  a  grauite  post  placed  in  the  front  yard,  close  to  an  old  brick  pier, 
of  house  on  Arlington  Plantation,  East  Baton  Rouge  Parish,  Louisiana.  The  planta- 
tion is  4  miles  below  Baton  Rouge,  and  belongs  to  Mr.  Shannon.     Elevation,  15™.5313. 

B.  M.  XXVII  is  a  gninite  post  buried  close  to  the  front  gate  of  inner  yard  about 
Mr.  Conrad's  house  on  Cottage  Plantation,  about  8  miles  below  Baton  Rouge,  Louis- 
iana.  Elevation,  I5'«.6911. 

i.  M.  XXVI  is  a  granite  post,  8  meters  from  fence  at  side  of  road  and  on  the  line  of 
a  row  of  old  fig  trees,  23  meters  east  of  house  on  Hollywood  Plantation,  East  Baton 
Rouge  Parish,  Louisiana.  The  house  is  12  miles  below  Baton  Rouge,  half  a  mile 
above  Manchac  P.  0.,  and  belongs  to  Mr.  H.  Vonpuhl.     Elevation,  15"'.35l0. 

B.  M.  XXV  is  a  granite  post  in  the  northeast  corner  of  the  yurd  of  Mr.  Walter  Hum- 
ble, on  Anger's  Plantation,  Iberville  Parish,  Louisiana.  The  house  is  about  5  miles 
above  Plaquemine,  is  a  short  distance  west  of  the  road  which  runs  across  the  pointj^o 
Forlom  Hope  P.  O.     Elevation,  14'n7924. 

B.  M.  XXIV  is  a  granite  post  near  the  corner  of  the  yard,  about  house  of  Mr.  Daigre, 
the  overseer  of  Anger's  Plantation,  Iberville  Parish,  Louisiana.  The  house  is  the 
second  one  below  Forlom  Hope  P.  0.,  and  just  above  a  bend  in  the  road.  Elevation, 
14«.2470. 

B.  M.  XXm  is  a  granite  post  in  the  front  yard  of  Julian  Grassin,  next  to  Saint 
Gabriel's  church,  Saint  Gabriel,  La.  The  plantation  formerly  belonged  to  Dr.  Pritch- 
ard,  and  is  4  or  5  miles  above  Bayou  Gonla.     Elevation,  13™.3389. 

B.  M.  XXII  is  a  granite  post  buried  in  yard  on  plantation  of  Leach,  Seaward  and 
Thompson,  about  a  mile  above  Bayou  Goula,  and  ou  opposite  side  of  river.  The  house 
18  a  low  frame  building,  and  there  is  a  pnmping-engine  on  the  levee  about  200  yards 
above  the  house.     Elevation,  14™.2773. 

B.  M.  XXI  is  a  granite  post  buried  near  angle  formed  by  a  win^  and  central  portion 
of  house  owned  by  Mrs.  Buddington,  on  Indian  Camp  Plantation,  Iberville  Parish, 
Louisiana.     Elevation,  I4™.4248. 

B.  M.  XX  is  a  point  on  the  upper  surface  of  the  projecting  brick  foundation  running 
around  the  house,  on  Southwood  Plantation,  formerly  called  Hard  Times,  at  the  ex- 
treme upper  end  of  Ascension  Parish,  Louisiana.  A  square  opening  was  cut  through 
the  stucco  covering  so  as  to  allow  the  rods  to  rest  upon  the  brick.  The  bench-mark  is 
marked  with  the  letters  U.  S.  B.  M.  and  the  date  1880.    Elevation  13<°.5U83. 

B.  M.  XIX  is  a  cross-cut  on  the  head  of  an  iron  bolt  in  the  north  end  of  tha  briek 
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warehouse  at  Ashland  LandiDg,  Ascension  Parish,  Louisiana.  The  bolt  is  4.8  feet 
above  the  ground,  and  is  in  the  middle  of  the  wall.  The  bench-mark  is  marked  by  the 
letters  U.  S.  B.  M.  XIX,  1880,  cut  in  the  wall.    Elevation,  15<».7964. 

B.  M.  XVIII  is  a  granite  post  buried  in  the  front  yard  of  Mr.  V.  P.  Mirre,  Ascension 
Parish,  Louisiana.  The  place  is  about  4  milcA  above  Donalilsonville,  and  formerly 
belonged  to  E.  Dicharvy.     Elevation,  12"*. 3999. 

B.  M.  XVII  is  a  granite  post  buried  in  yard  at  side  of  house  of  Mr.  Heath  on  left 
bank  of  river  about  a  mile  above  Doualdsonville,  La.     Elevation,  1*2*^.9014. 

B.  M.  XVI  is  point  surrounded  by  a  i^roove  forming  a  small  square  on  limestone  slab 
at  side  of  front  steps  of  Mr.  Hagan's  house,  about  G  miles  below  Doualdsonville.  It 
is  marked  with  the  letters  U.  S.  B.  M.    Elevation,  13™.8985. 

B.  M.  XV  is  on  the  corner  of  the  stone  pedestal  of  a  pillar  by  the  side  of  the  ou> 
trance  t-o  the  house  of  Mr.  Colomb,  Saint  James  Parish,  Louisiana.  The  point  on  which 
the  rods  were  held  is  surrounded  by  a  groove  cut  in  the  stone,  and  is  marked  by  the 
letters  U.  S.  B.  M.  XV.     Elevation,*  13'".472l. 

B.  M.  XIV  is  the  bottom  of  a  shallow  square  cavity  cut  in  the  granite  step  of  the 
south  door  on  the  front  or  west  side  of  the  Convent  of  the  Sacred  Hearty  Saint  James 
Parish,  Louisiana.  The  bench-mark  is  marked  with  the  letters  U.S.  B. M.  Eleva- 
tion, 13™.6700. 

B.  M.  XIII  is  a  horizontal  line  cut  in  the  iron  post  on  the  south  side  of  the  gate- 
way in  front  of  Jefferson  College,  on  College  Point  just  below  the  settlement  known 
as  Saint  Michareltown,  Saint  James  Parish,  Louisiana.  The  post  was  marked  with 
th«  letters  XIII,  U.  S.  B.  M.  LXXX.    Elevation,  14".2580. 

B.  M.  XII  is  bottom  of  a  square  cavity  cut  in  the  cement  pedestal  of  the  column  at 
the  southwest  corner  of  house  of  Mr.  Louis  Lebourgeois  on  Belmont  Plantation,  Saint 
James  Parish.  Louisiana.  It  is  marked  with  the  letters  U.  S.  B.  M.  Elevation, 
12".  1979. 

B.  M.  XI  is  upper  edge  of  triangular  groove  cut  in  west  side  of  small  pier  supporting 
the  southwest  corner  of  a  wooden  warehouse  which  stands  upon  the  levee  nearly  in 
front  of  bouse  of  Mr.  Wallis  on  Belle  Alliance  Plantation,  Saint  James  Parish,  Louis- 
iana. The  center  of  the  line  is  4.2  feet  above  a  projecting  foot-course,  and  1.3  feet 
from  the  outer  corner  of  the  pier.  It  is  marked  by  the  letters  U.S.  B.  M.  ISQO  IX. 
Elevation  13™.374l. 

B.  M.  X  is  a  point  surrounded  by  a  groove  cut  in  the  upper  surface  of  the  granite 
sill  at  the  foot  of  the  iron  stairway  in  front  of  house  of  Mr.  Joseph  Lebourffeoia,  on 
Mount  Airy  Plantation,  Saint  John  Baptist  Parish,  1x>uisiana.  It  is  marked  by  the 
letters  U.  S.  B-  M.  1880.    Elevation,  ll°».8r)47. 

B.  M.  IX  if)  upper  edge  of  horizontal  groove  cut  in  the  west  wall  at  tht*  southwest 
corner  of  store  on  Terro  Haute  Plantation,  Saint  John  Baptist  Parish,  Louisiana. 
The  groove  is  5.15  feet  above  the  ground,  and  0.:i2  feet  from  the  edge  of  the  brick  wall. 
It  is  marked  by  the  letters  IX  U.  S.  B.  M.  1880.  The  plantation  is  just  above  the 
settlement  at  Bonnet  Carr6,  and  belongs  to  Mr.  James  V^.  Godberr^'.  Elevation, 
13"™.0218. 

B.  M.  VIII  IS  the  head  of  a  long  iron  bolt  in  a  cement  post  in  the  yard  of  Mr.  Adam 
Lasseigne,  just  above  the  post-office  at  Bonnet  Carr^,  La.    Elevation,  11^.2570. 

B.  M.  VII  is  the  head  of  an  iron  bolt  in  a  cement  post  at  the  foot  of  a  large  peoan- 
tree  in  front  of  houoe  on  estate  of  Mr.  Ambruster,  Saint  Charles  Parish,  Loaiaiana. 
It  is  about  a  half  mile  below  the  Gypsy  Plantation,  owned  by  Mr.  Labranclie,  which, 
>9  At  the  bend  of  the  river  below  Bonnet  Carr6  Crevasse.  The  hole  above  the  benoh- 
mark  was  tilled  with  broken  bricks,  and  covered  over  with  earth.  It  is  1.7  and  1.9 
feet,  respectivelv,  from  two  nails  driven  in  projecting  roots  of  the  tree.  Elevation, 
11™.  1901. 

B.  M.  VI  is  the  upper  surface  of  the  square  pedestal  of  the  pillar  on  the  eastern  side 
of  the  front  stvps  of  Mr.  Leon  Sarpy's  liouse,  on  Prospect  Plantation,  Saint  Charleii 
Parish,  Louisiana,  and  nearly  opposite  Hahnville.  The  pedestal  is  of  brick,  covered 
with  hard  stucco.  The  point  on  which  the  rods  where  held  is  surrounded  by  a  groove 
forming  a  square,  and  the  letters  U.  S.  B.  M.  1880,  are  cut  on  the  surface.  Elevation, 
10^.5504. . 

B.  M.  V  is  the  surface  of  the  stone  sill  of  the  footway  on  the  western  side  of  the  main 
entrance  to  Destr6hnn  Plantation,  owned  by  Judge  Rost,  Saint  Charles  Parish,  Louis- 
iana. The  point  on  the  stone  on  which  the' rods  were  held  is  surrouudcnl  by  a  groove 
cut  in  the  stone,  and  marked  by  the  letters  U.  S.  B.  M.     Elevation,  11™.  12538. 

B.  M.  IV  is  the  head  of  an  iron  bolt  imbedded  in  a  cement  post  on  the  levee  about  4 
miles  above  Kennerville,  and  nearly  in  front  of  the  house  of  Norbert  Longae.  It  is 
9.4  fe(^t  from  the  second  and  11  feet  from  the  third  tree  from  the  road  on  the  east 
side  of  the  avenue  leading  to  the  river.    Elevation,  11"*.G957. 

B.  M.  HI  is  the  bottom  of  a  Miuare  depression  in  the  top  of  a  granite  block  buried 
in  tlu*  yard  of  Dr.  Gnstine  at  Kennerville,  Jetferson  Parish)  Louisiana.  The  stone  is 
2(5  nuMerH  in  front  of  the  house,  and  :{.r>  meters  from  a  date  palm,  and  is  marked  with 
the  letters  U.  S.  B.  M.     Elevation,  y'».G^^. 
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B.  M.  II  18  the  bottom  of  a  slight  depression  in  the  upper  surface  of  a  cement  post 
on  the  inner  levee  in  front  of  Mr.  Soniat's  house  at  Twelve  Mile  Point,  5  miles  above 
Carrollton,  La.  It  is  24  paces  above  the  corner  of  the  road,  and  25  paces  below  the 
gateway.  The  top  of  the  post  is  marked  with  the  letters  U.  S.  B.  M.  18fcO.  Eleva- 
tion, 11".9489. 

B.  M.  I  is  the  intersection  of  two  cross  lines  cut  on  the  iron  sill  of  a  door  at  the 
northwest  comer  of  the  depot  at  Carrollton,  La.  It  is  marked  with  the  letters  U.  S. 
C.  S.  B.  M.  1875.     Elevation,  9».0272. 
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REPORTS  OF  CHIEFS  OF  PARTIES   UPON  FIELD  WORK  OF  TOPOGRAPHY  AND  HYDROG- 
RAPHY, ltl83-'84. 

1. — Report  of  Amstant  Engineer  J,  A.  Ockersony  Randolph  Point  to  Frame^s  Chutes  and 

CampbeIVs  Landing  to  Saint  Lmiis  Landing. 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.y  September  1,  1884. 

Sir:  I  have  the  htmor  to  make  the  following  report  on  the  field  work  done  under 
my  direction  during  I  he  season  of  188:5-'84.  Accompanying  this  report  are  also  the 
resultH  of  investigations  concerning  sliding  banks,  changes  in  the  bank-line  and  sec- 
tion of  the  Mississippi  River  between  Cairo  and  Saint  Louis  Landing,  and  data  con- 
temiug  the  relative  elevations  of  old  river  banks  and  those  of  later  formation. 

In  accordance  with  your  instructions  to  proceed  to  Randolph  Point  to  continue  the 
Mirvey  of  the  Mississippi  River,  the  yaviy  left  Saint  Louis  on  October  10,  1883,  for 
Cain)',  where  the  quarter-boats  were  in  readiness  to  receive  them.  The  organization 
was  as  follows :  J.  A.  Ockerson,  chief  of  party ;  topographers.  C.  W.  Clark,  N.  B.  Craig, 
J.  C.  QnintUH,  H.  P.  Ritter,  F.  Felkel,  and  F.  B.  French;  hydrographers,  B.H.Colby 
and  J.N.  Allison;  lovelera,  I.  O.  Walker  and  C.  Braiuard;  plotting  and  computing, 
E.  J.  Jolley;  a  launch  crew  of  'i;  galley  crew,  6;  leadsmen,  2;  rodnien,  8;  boatmen 
and  axmen,  20. 

The  supplies  had  already  been  delivered  on  board,  and  on  the  arrival  of  the  parties 
the  boats  were  taken  in  tow  l»y  the  steamer  Patrol  and  reached  Randolph  Point  on 
the  I5th  of  October.     Tbe  topographers  began  work  immediately. 

The  instructions  required  that  the  work  of  1879-^80  should  be  utilized  as  far  as 
practicable.  But  little  use  could  be  made  of  it  as  the  survey  was  done  at  a  high-water 
stage.     The  triangiilatiou  and  levels  were,  of  course,  available. 

The  reach  from  Randolph  Point  to  head  of  Frame's  Chute  was  completed  on  October 
30,  and  after  taking  on  coal  at  Memphis  the  party  moved  down  to  Campbell's  Land- 
ing to  resume  the  survey  where  the  work  under  General  Comstock  closed  in  1878. 
Work  began  at  this  )M)int  on  November  1,  and  was  complet4*d  to  Saint  Louis  Landing 
on  December  28. 

The  survey  embraces,  outside  of  the  usual  mile  limit,  the  Saint  Francis  River  from 
a  point  opposite  Du pries  Landing  to  the  month,  a  distance  of  about  18  miles,  McKinney 
Bayou,  and  the  following  lakes:  Heaver  Dam,  Flower,  Porter,  Eagle,  Moon, Mud, and 
Horseshoe.  The  blutfline  was  also  located  from  near  the  mouth  of  the  L'Anguille  to 
about  4  miles  below  Heleua,  and  from  the  Loosahatchie  River  to  a  point  opposite  the 
liead  of  Island  40. 

The  season  throughout  was  unusually  good  both  na  to  stage  of  river  and  weather. 
Out  of  the  sixty  three  working  days  the  part.v  was  in  the  held,  there  were  only  three 
rainy  days,  on  which  no  held  work  was  done. 

Oil  the* completion  of  the  survey  to  Saint  Louis  Landing,  where  it  closed  on  the  work 
of  1881,  the  party  was  disbanded. 

The  steamer  Pivtrol  arrived  on  the  day  the  work  was  finished,  and  on  the  day  fol- 
lowing the  quarter- boats  were  taken  in  tow  for  Memphis. 

The  accuracy  and  progress  of  the  work  must  be  largely  credited  to  the  fidelity  and 
industry  of  the  assistants. 

Tbe  following  tabulated  statement  shows  in  detail  the  amount  of  work  done: 

Number  of  miles  of  river  surveyed 92 

Number  of  square  miles  of  topography 227 

Number  of  square  miles  of  hydrography .• 64 

NumlKT  of  soundings 15, 064 

Nuujber  of  sextant  angles  read 14, 708 

Number  of  working  days 63 

Average  number  of  miles  of  river  per  month 2Sf 

Average  number  of  square  miles  of  topography  and  hydrography  per  month. .       117 
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DEPOSITS  MADE  BY  THE  REGENT  FLOOD6. 

Id  some  places  the  deposits  have  been  qaite  heavy.  On  both  sides  of  the  rivnr 
above  Frame's  Chute,  even  on  the  high  bank,  there  has  been  a  deposit  of  several  inches 
since  the  survey  of  1877-'78.  On  the  lower  lands  the  deposit  amounts  to  5  feet  in 
some  cases.  These  deposits  sometimes  consist  of  pore  sand,  which  mine  onltivaled 
lands  and  even  kills  the  trees.  One  curious  effect  of  the  deposit  was  noticed  on  trian- 
f^ulation  lines  which  were  cut  through  young  cottonwooda  and  willows  3  inches  in 
diameter  and  upwards.  The  stumps,  which  were  from  I  to  3  feet  high,  have  been  ooy- 
ered  with  the  deposit,  and  the  fallen  trees  either  washed  away  or  covered  up,  so  that 
now  the  line  is  left  intact  and  smooth. 

There  is  not  so  much  as  a  weed  in  it,  and  all  evidences  of  the  cutting  ezoept  the 
opening  have  disappeared. 

There  are  numennis  places  where  no  deposits  have  been  made,  althongh  the  condi- 
tions are  apparently  the  same  as  where  there  are  heavy  deposits.  The  first  surveys 
are  so  meager  in  detail  that  a  satisfactory  comparison  concerning  deposits  in  general 
cannot  be  made. 

Deposits  of  gravel  have  been  notic^l  on  the  highest  lands.  This  may  have  oome 
from  the  logs  and  trees  floated  from  the  bars  by  the  rising  river.  The  heavy  sand 
deposits  noted  must  have  been  carried  in  suspension  and  dropped  where  the  velocity 
was  diminished  by  the  water  leaving  the  channel. 

STABILITY  OF  STONE  LINE  BENCH-MARKS. 

Nearly  all  of  the  bench-marks  were  found  intact  after  having  stood  the  tests  of  the 
floods  for  three  years.  Some  of  them  were  covered  to  a  depth  of  several  inches  by 
deposits  of  silt  and  sand.  As  a  rule  the  inhabitants  do  not  molest  thorn.  Oocasion* 
ally  a  fisherman  in  need  of  sinkers  digs  them  up,  and  after  breaking  them  into  suita- 
ble sizes  ties  the  pieces  to  his  net.  One  was  found  with  the  lead  and  copper  bolt  dug 
out.    The  surface  marks  were  not  fre<iuent  nor  conspicuous  enough. 

It  is  very  important  to  have  numerous  surface  marks  or  the  bench-marks  will  be 
lost  in  consequence  of  changes  in  bank  line,  clearing  off  or  growing  up  of  timber,  and 
deposits  of  silt. 

I  would  here  call  attention  to  the  ad  visibility  of  limiting  the  number  of  beneh- 
mark.s  in  the  same  locality.  It  has  been  the  custom  of  each  partv  sent  out  for  high- 
water  slope,  low- water  slope,  &c.,  to  establish  independent  bench-marks.  Hence  it 
freqn<>ntly  hap]>ens  that  within  a  radius  of  a  few  hundred  meters  may  be  found  P.  B. 
Ms.,  B.  Ms.,  B.  M.  L.,  B.  M.  £.,  &c.  After  the  value  of  one  has  been  well  determined 
it  should  be  used.  A  multiplicity  of  bench-marks  in  the  same  vicinity  must  ultimately 
result  in  confusion,  while  there  is  no  good  reason  apparent  why  every  new  party  sent 
to  the  field  should  have  a  separate  and  exclusive  series  of  benches. 

NARROW  CHANNEL. 

Just  below  Moon  Lake  Landing  the  river  becomes  verv  narrow  in  oonseqnenee  of 
the  sand-bar  pushing  far  over  into  the  bend.  The  width  between  shore  lines  at  a 
stage  about  6  feet  above  low  water  is  only  290  meters.  The  maximum  depth  in  the 
narrowest  part  is  about  65  feet. 

SUDING  BANKS. 

In  Old  Town  and  Montezuma  bends  are  two  peculiar  cases  of  sliding  bank,  where 
the  land  settles  down  bodily,  leaving  the  trees  upright,  where  they  act  as  a  natond 
revetment  and  remain  a  loug  time  before  being  washed  away.  Plats  of  theee  two 
localities  are.  submitted  herewith,  which  show  tuese  bends  and  sectionsof  same.  The 
slide  in  Old  Town  Bend  extends,  from  a  point  three-fourths  of  a  mile  above  the  landing, 
down-stream  for  a  distance  of  about  2^  miles.  Near  the  lower  end  the  slide  reaches 
a  width  of  ;{()0  fe(;t.  The  disintegration  seems  to  be  very  slow  after  the  ground  set- 
tles. The  survey  of  February,  IcSl,  shows  the  outer  line  of  trees  in  the  same  position 
as  given  by  the  survey  of  December,  1683,  for  more  than  half  the  length  of  tne  slide. 
Near  th(^  lower  end  the  caving  amounts  to  about  30  meters  per  year.  The  deepest 
part  of  the  channel  runs  very  close  to  the  submerged  trees. 

The  soil  of  the  adjacent  bank  is  a  t<mgh  alluvial  clay  covered  with  a  growth  of 
heavy  timber.  The  i>resi'uce  of  oj-press,  and  the  low  land,  indicate  that  it  was  form- 
erly a  swamp  or  lake,  or  it  may  have  been  the  bed  of  the  river  at  some  remote  period. 
The  water  in  the  bayou  and  lake  back  is  some  10  feet  higher  than  low  water  in  the 
river. 

In  Montezuma  Bend  there  is  a  slide  about  half  a  mile  long  and  100  fiiet  wide  in  tha 
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broadest  part.  The  nhore-line  in  the  apex  of  the  bend  has  receded  aboat  20  meters  a 
year  since  the  snrvey  of  1878.  The  banks  consist  of  layers  of  clay  and  sand.  They 
are  formed  by  deposits  in  the  old  river-bed  after  the  cut-off  at  Mhoon  Lake.  The  old 
river  bank  was  undoubtedly  near  where  the  levt^e  is  now  located.  It  will  be  observed 
that  a  pond  lies  parallel  to  the  shore-line  for  the  entire  length  of  the  slide.  The  water 
in  the  pond  lies  several  feet  higher  than  the  ordinary  water  surface  in  the  river. 

It  is  probable  that  these  slides  are  due  to  the  washing  out  of  the  sand  layers  by  the 
river,  aided  very  largely  by  the  water  in  the  ponds  near  by.  The  latter  lying  so  far 
ftbove  the  river  play  an  important  part  in  the  destruction  of  the  banks. 

This  is  probably  the  reason  why  the  banks  cave  more  rapidly  when  the  river  is  be- 
low the  medium  stage  and  falling  rapidly.  This  is  especially  the  case  with  banks 
composed  wholly  or  partly  of  clay ;  sandy  banks  cave  at  all  stages. 

In  order  to  ascert-am  how  far  the  influence  of  surface  water  extends,  66  cases  of 
OAving  banks  between  Memphis  and  Natchez  have  been  examined  in  detail,  with  the 
following  results :  In  25  oases  where  there  is  rapid  caving,  there  is  more  or  less  stand- 
inf^  water  near  the  river.  The  banks  in  these  cases  are  generally  more  sandy  and 
finable  than  the  two  cases  above  noted,  which  probably  accounts  for  their  caving  in 
■mailer  fragments. 

The  other  cases  are  generally  traceable  to  obstructions  in  the  channel  which  forces 
the  current  against  the  bank,  or  to  the  loose  sandy  nature  of  some  of  the  banks. 

STABLE  BANKS. 

There  are  bends  where  the  banks  are  qnite  stable,  and  in  some  of  these  cases  the 
shape  of  the  channel  is  such  that  caving  would  naturally  be  expected.  Between  Isl- 
and No.  1  and  Island  No.  10  we  find  "Iron  Banks''  and  '* Chalk  Bluffs''  where  the 
river  is  held  by  the  bluffs.  In  the  bend  below  Hickman  the  caving  is  slight.  The 
bank  is  composed  of  layers  of  clay  separated  by  sand.  For  3  miles  the  main  current 
is  kept  out  from  the  bank,  pitTbably  by  underlying  rocks  or  clay  lumps.  Bel:ow  James 
Bayou  the  bank  is  very  largely  clay  and  caves  slowly. 

In  the  next  available  reach,  which  is  between  Caruthersville  and  Frame's  Chute,  the 
bend  above  Booth's  Point  is  found  to  be  quite  stable.  The  bank  is  said  to  bo  mostly 
'  bine  clay. 

Opposite  Island  No.  18  the  bank  is  clay  and  sand,  but  a  bar  keeps  the  current  away 
ftom  the  bank  and  it  caves  but  little.  Chickasaw  Bluff  No.  2,  near  the  whirlpool,  caves 
•lowly.  In  the  bend  opposite  Island  No.  40  there  has  been  but  little  caving.  A  bar 
has  formed  which  is  attached  to  the  concave  bank. 

Above  the  mouth  of  the  Saint  Francis  River  the  bank  is  mostly  clay.  For  2^  miles 
the  current  follows  the  bank  closel3'  and  yet  the  caving  is  slight.  One  point  in  par- 
ticnlar  which  juts  out  some  50  feet  from.the  bank  and  is  not  more  than  10  feet  wide 
on  top  has  stood  the  wear  of  the  current  for  several  years.  It  was  noticed  in  the  sur- 
vey of  1878  and  has  changed  but  little  since  then. 

The  pertinacity  with  which  deep  indentations  in  the  banks  remain  for  years  in  the 
aame  locality  is  as  remarkable  as  the  stability  of  the  clay  points.  Cases  have  been 
noticed  where  they  have  existed  for  several  years,  although  the  entire  bank-line  has 
teeeded  over  1,000  feet. 

KLXVATIONS  OF  PRESENT  RIVER  BANKS  AS  COMPARED  WITH  BANKS  OF  CUT-OFF  LAKES. 

It  is  frequently  stated  that  the  banks  of  the  old  river  lakes  are  higher  than  the 
present  river  bauKS.  It  is  generally  conceded  that  the  banks  of  alluvial  streams  reach 
an  elevation  equal  to  the  plane  of  mean  high  water. 

If  the  first  proposition  is  true,  then  the  floods  which  deposited  these  old  river  banks, 
dating  back  many  years  prior  to  the  settlement  of  the  Mississippi  Valley,  must  have 
been  higher  than  those  of  recent  years  of  which  wo  have  authentic  records. 

This  does  not  accord  with  the  theory  Ihat  cutting  down  the  forests,  bringing  the 
land  under  coltivation  and  confining  the  river  between  levees,  all  tend  to  increase  the 
flood  heights. 

It  is  to  throw  some  light  on  iheat  questions  that  an  examination  has  been  made  of 
all  cases  where  the  elevations  of  the  old  river  banks  were  determined  by  the  recent 
aorveys. 

The  elevations  are  generally  reliable  to  the  nearest  foot.  They  were  determined  by 
vertical  angles,  read  forward  and  back  with  a  transit.  If  the  elevations  were  more 
numerous,  the  comparisons  wonld  of  course  be  more  satisfactory. 

The  distance  given  in  the  following  deHcrii)tions  are  measured  from  the  present 
river  bank  to  the  farthest  point  in  the  old  river  lake.  Maps  of  eight  old  lakes  and 
adjacent  river  have  been  reduced  and  are  submitted  herewith. 

They  show  the  elevations  in  feet  above  the  Memphis  datum  plane. 

JSmmt  Dam  Lah€,  near  ^ItMdfi.— Date  of  cut-off  not  known.    Bank  at  the  head  ef  tli« 
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lake  i8  the  Rame  elevation  as  the  present  river  bank,  and  said  to  be  above  overflow. 
Head  of  th<*  lake  Ih  about  3  miles  from  the  river. 

Eaffle  Lake,  Terrapin  Neck  Cut- off. — Mude  in  1866.  General  elevations  of  bank  is 
tho  sumo  as  rliat  of  present  river  hank.  Land  said  to  be  alM)ve  overflow.  The  head 
of  tlh*  laki"  is  7  miles  from  the  present  river  at  the  cut  off. 

Yazoo  Lakcj  at  the  moulh  of  Tazoo  Fiver, — Said  to  have  been  cut  off  in  1699.  Land 
at  the  head  of  rhe  lake  has  the  same  elevation  as  the  adjacent  river  banks.  Head  of 
lake  is  7  miles  from  river. 

Palihyra  Lake,  Darin  Cut-off. — Made  in  1867.  Laud  at  the  bead  of  the  lake  is  the 
same  elevation  as  the  adjacent  river  banks.  The  levels  are  not  well  checked  and  the 
elevations  may  be  erroneons.  Head  of  the  old  bend  is  7  miles  from  the  river  at  the 
cut-off. 

Lake  Saint  Joseph^  Hard  Times  Bend. — Date  of  cut-off  not  known.  It  was  probably 
made  long  before  the  Mississippi  valley  was  settled.  Elevations  at  head  of  lake  to- 
wards the  upper  eud  are  about  2  feet  higher  than  adjacent  river  banks  around  Hard 
Times  Bend.  This  part  of  the  lake  lies  very  near  Palmyra  Lake,  and  the  bank  eleva* 
tions  are  the  same  as  those  of  the  latter  lake.  Hard  Times  Bend  lies  so  far  down- 
stream from  the  part  of  the  lake  considered  that  lower  elevations  should  be  expected. 
The  level  notes  around  this  lake  are  doubtful.  The  head  of  lake  from  present  river  i^ 
about  6  miles  distant. 

Lake  Bruin,  near  Bondurant  Landing. — Date  of  cut-off  not  known.  No  elevations  are 
given  at  the  head  of  the  lake  on  the  bend  side.  Elevations  on  the  point  side  and  the 
other  elevations  given  are  lower  than  the  adjacent  river  banks.  The  head  of  the 
lake  is  6  miles  from  present  river. 

Lake  Saint  John,  opposite  Fairchild^s  Bend. — Date  of  cut-off  not  known.  The  land 
around  the  head  of  the  lake  is  about  the  same  elevation  as  the  adjacent  river  banka. 
The  old  bend  is  abont  3^  miles  from  the  present  river  bank. 

Lake  Concordia^  above  Natchez. — Has  probably  been  cut  off  twice,  date  not  known. 
At  present  rate  of  caving  in  Giles  Bend  another  cut-off  is  threatened  in  the  same 
locality.  The  land  around  old  river  is  5  to  7  feet  higher  than  the  concave  bank  of 
Marengo  Bend,  but  this  is  undoubtedly  on  account  of  the  rapid  caving  (220  feet  per  year 
during  the  past  70  j  ears),  which  has  prevented  the  deposit  from  keeping  pace  witn  it. 
The  new-made  land  on  the  point  opposite  is  as  high  as  the  highest  land  around  the 
old  bend.  • 

To  farther  illustrate  the  effect  of  a  cut-off,  take  an  ideal  case.  We  know  that  the 
river  banks  have  a  slope  about  equivalent  to  that  of  the  water  snrface  or  abnnt  0.3 
foot,  per  mile.  Then  if  the  elevation  of  the  bank  at  the  upper  end  of  the  cnt*off  is  100 
feet  we  can  interpolate  the  other  elcvati<ms  around  the  old  bend. 

The  land  iVom  the  river  banks  back,  has  a  slope  of  several  feet  per  mile.  Hence  it 
is  evident  that  in  consequence  of  this  slope  the  land  at  the  head  of  the  lake  is  above 
ov«  itlow,  even  though  it  b«»  no  higher  than  the  river  banks  proiM^r. 

Measuring  around  the  old  bend  tbe  distance  is  15  miles  with  a  total  fall  of  4.5  feet, 
or  2.2  feet  per  mile  if  measured  through  the  cut-off.  This  excessive  slope  will  evuat- 
ually  adjust  itself  by  erosion  of  banks  and  bed,  but  for  some  time  after  the  cnt-oft*  the 
banks  immediately  below  the  cut-off  will  be  overflowed  at  a  comparatively  low  stage 
wbilo  the  banks  al>ove  the  cut-off  are  above  overflow.  Under  normal  conditions  the 
bank  at  the  lower  end  of  cut-off  would  have. an  elevation  of  99.1  feet  instead  of  ^.2. 
An  e\atiii::ation  of  the  old  eut-ofl's  suggests  that  this  difference  has  been  eliminated 
by  de])<)sit  below  the  cut-off. 

It  is  nls4)  evident  that  in  the  eases  examined  the  old  and  new  river  banks  have 
nearly  the  same  elevations,  and  consequently  that  the  floods  of  late  years  do  not  differ 
materially  in  elevation  from  those  occurring  before  the  valley  was  settled. 

CHANOKS  IN  BANK    LINK  AND  SECTION. 

TIh^  later  surveys  afford  a  good  opportunity  of  ascertaining  the  character  and  ex- 
tent of  the  changes  which  have  taken  i»lace*biuco  the  surveys  of  187d-*H0.  The  data 
available  at  ])resent  embraces  the  portions  of  the  river  lying  between  Island  No.  1 
and  8i-anlan's  Landing,  Arkansas,  and  Commerce  Cut-off  and  Saint  Louis  Landing. 

Mnps  are  submitted  herewith,  which  show  the  changes  in  shore  line  and  the  loca- 
tion of  sections  compared.  The  shore-line  on  the  bar  side  changes  so  rapidly  with 
slight  diti'ereuces  of  stage  of  river,  that  a  comparison  of  that  side  has  generally  been 
oniittt-d. 

.Sections  have  been  idnttetl  which  an*  nearly  coincident  in  the  two  snn'cys, nml 
thoref  re  show  the  changes  that  have  occuned  in  depth  and  form  of  section.  In  plot- 
ting, the  bottom  has  been  referred  to  the  same  plane,  and  the  differences  in  the  water 
surfaces  show  the  diffen*nce  in  th"  stages  at  which  the  soundings  were  taken. 

These  cimiparisons  are  of  ))ecnliar  interest  iis  showing  to  some  extent  the  effect  of 
the  great  floods  which  have  occurred  in  the  interval  between  the  two  mirveys. 
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CAYING  BANKS. 

nut  of  CATing  shown  on  the  accompanying  sheets  was  determine^  by 
the  distance  between  the  positions  of  the  banK  lines  as  located  by  the  two 

%l  points  on  which  these  two  surveys  depend  are  sometimes  3  or  4  miles 
there  may  be  a  slight  difference  in  sketching  between  the  intermediMe 
ted  with  the  stadia;  hence  the  figures  given  must  not  be  regarded  as  exact 
al  case.  As  a  whole  they  may  be  considered  as  very  near  the  truth.  Where 
has  been  very  slight  the  comparisons  fail  to  show  it. 
i\f  the  advance  oi  the  bars  into  the  bends  has  kept  pace  with  the  receding 

int  and  rate  of  caving  is  given  in  tabular  form  for  the  principal  bends, 
test  caving  is  most  frequently  found  near  the  lower  end  of  the  bend,  it  fol- 
tie  present  tendency  is  to  make  the  river  more  nearly  straight, 
md  No.  I  to  Island  No.  10  the  caving  banks  aggregate  209,850  feet  in  length 
;e  of  55  miles,  or  an  average  of  3,816  feet  per  mile  of  river.  The  heaviest 
irs  in  Puntney  aud  Beckwith  bends  and  near  Island  No.  10.  The  amounts 
t  different  points  are  given  in  detail  on  sheets  1,  2,  and  3  of  the  published 
apanying  tnis  report. 

'uthersville  to  head  of  Frame's  Chute  the  caving  banks  aggregate  502,000 
th  in  a  distance  of  115  miles,  or  an  average  of  4,365  feet  per  mile  of  river. 
It  caving  is  above  Sucker's  Point,  Forked  Deer  Island  and  opposite  bend, 
dint  and  above  Centennial  cut-off.     At  Forked  Deer  Island  it  has  caved 

I  4  years. 

nmerce  Cut-off  to  Saint  Louis  Landing  the  caving  banks  aggregate  392,520 
;th  in  a  distance  of  77  miles,  or  an  average  of  5,098  feet  per  mile  of  river. 
it  caving  is  near  Commerce  Cut-off,  in  Bordeaux  Chute,  above  Hardin's 
rotter's  Landing,  and  Jackson's  Point.  Near  the  lower  end  of  Bordouux 
ntire  river  moved  west  a  distance  of  5,000  feet  from  1880  to  1«83,  or  at  the 
at  l,fi70  feet  per  year. 

r's  Landing  ihe  caving  from  1878  to  1883  amounted  to  1,560  feet.  From 
>  the  caving  along  Helena  Island  amounted  to  1,310  feet,  while  from  1880 
caving  was  very  slight. 

of  Shoo-Fly  Bar  has  moved  down-stream  over  half  a  mile  in  spite  of  the 
was  largely  comjiosed  of  gravel. 

Tow-head,  the  tow-heads  inst  below  O.  K.  Landing,  and  a  large  portion  of 
Tow-head  have  been  wasned  away. 

>.  65,  which  in  1881  was  1^  miles  long  and  ^  mile  wide,  and  covered  with 
er,  has  entirely  disappeared. 

noticed  that  the  greatest  changes  have  taken  place  on  the  last-named 
ear  the  cut-offs  at  Commerce  and  Bordeaux  Chute, 
e  60  feet  as  the  distance  from  the  top  of  the  bank  to  the  bottom  of  the 

II  average  something  more  than  that)  along  caving  bends,  and  use  the 
mean  widths  given  in  the  accompanying  plats  we  can  compute  the  number 
rds  moved  by  erosion  of  banks. 

>nd  No.  1  to  Island  No.  10  it  is  found  to  be  551,385  cubic  yards  per  annum 

le  of  river. 

uthersville  to  Frame's  Chute,  999.041  cubic  yards. 

amerce  Cut-off  to  Saint  Louis  Landing,  2,231,726  cubic  yards.    The  latter 

)  tow-heads  and  Island  65,  which  have  been  washed  away. 

CAVING  BANKS. 


Locality. 


I 

iend 

d 

1 

lend 

I 

?end 

ling 

t 

t  to  Ruddle's  Point 

3end 

I  Bend 


Feet 
20,000 
35,000 
20, 5<K) 
20,600 
11,000 
23,  300 
20.  000 
31,300 
10,300 
15.000 
28,750 
28,000 
22.700 


Maximnm 
width  of 
erosion. 


Feet 

720 

620 

260 

1, 020 

395 

260 

787 

729 

1.149 

3.100 

623 

720 

970 


Feet 
350 
266 
140 
511 
148 
170 
502 
377 
681 
1,085 
356 
871 
066 


Annnal  rate 
of  erosion. 


FeeL 


87 
67 
40 

137 
40 
48 

136 
75 

137 

217 
71 
74 

183 
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CHANOKB  IK  SECTION. 

A.  carefhl  analysle  of  the  sectioua  oompftred  gives  the  following  n 
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It  will  be  seen  from  the  above  table  that,  ont  of  the  251  sections  compared,  the  last 
smrey  shows  that  the  riTer  is  the  sam^  depth  or  deeper  in  171  cases  and  shallower  in 
80  cases.  It  is  the  same  width  in  35  cases,  narrower  in  106  cases,  and  wider  in  110 
eases.  In  the  yicinity  of  the  improvements  at  Plum  Point,  say  from  Island  25  to  Ran- 
dolph, the  sections  show  the  same  depth  or  deeper  in  34  cases,  and  shallower  in  10  cases. 
The  increase  in  width  in  this  reach  is  qnite  marked.  The  river  is  wider  in  28  sections, 
narrower  in  10  sections,  and  same  width  in  6  sections.  Tl.e  increase  in  depth  occurs 
mainly  in  the  bends  and  the  decrease  on  the  crossings.  The  greatest  erosion  of  the 
river  bed  does  not  occur  where  the  bank  erosion  is  the  greatest,  but  where  the  banks 
have  been  stable,  or  the  channel  contracted.  A  section  near  Hardin's  Point  has  de- 
creased in  width  4,900  feet  and  increased  in  depth  45  feet.  The  eflect  of  the  stable 
banks  near  Columbus  and  Hickman  has  been  a  very  decided  increase  in  depth. 

As  a  rule,  decrease  in  width  is  accompanied  by  a  corresponding  increase  in  depth, 
and  conversely,  an  increase  in  width  shows  a  decrease  in  depth. 

In  the  bends  below  Friar's  Point,  where  is  a  great  difference  in  the  stages  of  the  sec- 
tions, it  will  be  seen  that  the  deepest  sections  belong  to  the  highest  stage.    That  is, 
the  bottom  seems  to  have  been  scoured  out  during  the  high  stage  or  filled  at  the  lower 
stage.    Many  of  the  sections  show  but  little  change. 
Very  respectfully,  your  obedient  servant, 

J.  A.   OCKERSON, 

United  Stake  Assistant  Enyineer, 
First  Lient.  Smith  S.  Leach, 

Secretary  Mississippi  River  Ccmmission, 


2. — BepoTt  of  Assistant  Engineer  C.  M,  Winchell,  Island  No.  1  to  Donaldson^ s  Point, 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo,,  June  1,  1884. 

Sin:  I  have  the  honor  to  submit  herewith  a  report  concerning  the  field  operations 
of  the  topographic  party  under  my  direction  during  the  season  of  1883-'84. 

In  obedience  to  your  instructions  I  left  Saint  Louis  on  the  evening  of  October  10, 
1883,  with  the  party,  consisting  of  10  assistant  engineers,  2  recorders,  6  rodmen,  8 
aiadia  men,  6  boatmen,  16  axmen,  1  steward,  2  cooks,  3  waiters,  1  watchman,  and  a 
tug  crew  of  3.  We  reached  Cairo,  111.,  and  went  on  board  the  quarter-boats  Tennes- 
•eo  and  Pioneer  on  the  morning  of  October  11.  After  taking  on  supplies  at  Cairo,  the 
qoarter-boats  were  towed  to  Island  No.  1  by  the  iron  launch  which  had  been  assigned 
to  the  party,  and  work  was  begun  October  12.  Assistant  J.  A.  Paige,  6.  W.  Wood, 
H.  W.  Kerr,  F.  B.  Maltby,  and  6.  H.  French  were  assigned  to  topography ;  Assistant 
Moses  Greenwood,  hydrography ;  Assistants  L.  C.  Jones  and  J.  W.  Dorst,  levels ;  Assist- 
ant Q.  H.  Whitney,  office  work,  platting  field  notes  of  the  survey ;  Recorder  D.  £. 
Perkins  and  C.  K.  Tbarp  read  sextant  angles  and  recorded  in  the  sounding-boat. 

The  upper  limit  of  our  survey  joined  the  lower  limit  of  the  topographic  survey  made 
in  187tJ-77  by  the  IT.  S.  Lake  Survey  under  the  direction  of  General  C.  B.  Comstock, 
and  it  was  intended  to  continue  the  same  down  the  river  to  Carnthersville,  Mo.,  but 
owing  to  lack  of  funds  to  carr}'  on  the  work,  the  party  was  called  in  and  disbanded 
December  1,  at  which  time  the  survey  had  been  completed  to  a  point  about  5^  miles 
above  New  Madrid,  Mo.,  45  miles  above  Carnthersville. 

TOPOGRAPHY. 

In  addition  to  the  usual  limits  of  the  survey,  the  line  of  bluffs  was  located  by  com- 

5 ass  line  from  Island  No.  I  to  Reelfoot  Lake  and  frequent  determinations  made  of  the 
ifference  of  elevation  between  the  top  and  bottom  of  the  bluffs.    Their  height  above 
the  water  surface  of  the  river  at  medium  stage  ranges  from  150  feet  to  200  feet. 

All  of  the  lakes,  ponds,  and  bayous  between  the  blufii)  and  the  river  were  surveyed 
by  compass  and  stadia.  Connections  were  made  with  two  county  lines  in  Kentucky, 
aiid  three  points  on  the  State  line  between  Tennessee  and  Kentucky.  Several  town- 
sbip  and  section  corners  of  the  United  States  land  survey  were  also  connected  with 
this  survey.  Obion  Creek,  Bayou  du  Chien,  and  James  Bayou  were  meandered  from 
'i  to  5  miles  beyond  the  prescribed  limits  of  topography. 

Assistant  French  made  a  survey  of  the  head  of  Reelfoot  Lake  and  about  7  miles  of 

'ta  length.     In  the  report  of  the  commissioners  appointed  by  the  States  of  Kentucky 

^od  Tennessee  to  locate  and  mark  the  bonndary  line  between  those  two  States,  it  is 

^t^ted  that  it  took  them  six  weeks  to  run  a  line  across  Reelfoot  Lake,  *'  a  feat  never 

J^fore  accomplished,"  the  obstacles  being  numerous  sloughs,  swamps,  bayous,  cane 

^i^kes,  dtc.     Mr.  French  was  only  two  weeks  in  crossing  the  lake  and  surveying  both 
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shores  by  iDdependent  lines,  it  being  impossible  to  locate  one  shore  by  intersections 
from  the  other,  on  account  of  dead  trees  m  the  lake  and  marsh  grass  along  the  shores. 
The  State  commissioners  measured  their  distances  with  a  chain.  Bir.  French  used  a 
compass  and  stadias. 

The  supposition  that  Reelfoot  Lake  was  once  the  channel  of  the  Mississippi  River, 
is,  in  my  opinion,  without  foundation  in  fact.  It  has  none  of  the  oharactejistio  fea- 
tures of  **o]d  river"  lakes,  but  is  like  the  ''sunk  lands''  of  the  Saint  Francis  Basin, 
very  irregular  in  shape,  shallow,  and  full  of  dead  trees  standing  in  the  water.  It  is 
5  feet  to  1*2  feet  deep,  except  in  two  places,  where  it  is  20  feet  deep.  It  was  prob- 
ably a  cypress  swamp  whicn  sank  during  the  earthquake  convulsions  of  1811. 

HYDROGRAPHY. 

Sections  were  sounded  about  350  meters  apart  and  a  longitudinal  line  sonnded  along 
the  thread  of  deepest  water  over  the  entire  reach  of  river  surveyed. 

The  maximum  depth  found  was  142  feet,  and  this  depth  was  found  both  at  Colum- 
bus and  Hickman.  At  Hickman  the  river  is  very  narrow,  the  wet  section  being  not 
more  than  half  as  wide  as  it  wan  at  the  same  stage  in  1879,  but  the  depth  has  more 
than  doubled  in  the  same  time.  The  narrowest  place  found  was  at  Chalk  Bank,  where 
the  gravel  and  sand  bar  projects  from  Wolf  Island  to  within  275  meters  of  the  oppo- 
site bank.  Here,  as  at  Hickman,  the  rocks  at  the  base  of  the  bluffs  project  some  dis- 
tance into  the  river  and  are  from  3  feet  to  15  feet  below  the  surface  at  low  stages. 

LEVELS. 

Several  new  permanent  bench-marks  were  established,  and  at  each  stone  line  a  river 
crossing  was  made  with  two  instruments  by  simultaneous  observations,  and  dnpHosta 
lines  of  levels  carried  from  the  crossing  hubs  to  the  B.  M's.  on  the  stone  line.  Aoon- 
tinnous  line  of  levels  was  run  on  the  left  bank  checking  in  the  precise  level  bench- 
marks which  had  previously  been  established. 


CAVING  BANKS. 

No  very  marked  changes  have  taken  place  in  this  part  of  the  river  since  1879.  The 
caving  in  the  bends  has  been  continuous,  but  not  very  rapid,  the  |preatest  amonnt  of 
cutting  being  at  Parker's,  above  Hickman,  where  it  reached  a  maximnm  of  274  meters 
in  four  years,  and  just  below  Slough  Landing,  in  Missouri  Bend,  where  it  has  caved 
240  meters.  Immediately  above  Hickman,  at  Bayou  dn  Chien,  it  has  caved  89  meters 
since  1879. 

Batumi, 

Miles  of  river  surveyed ^ 66 

Square  miles  topography  .' ....^ 136 

Square  miles  hydrography 38 

Total  area  surveyed 174 

River  crossings  of  levels 17 

Cross-sections  sounded 


SLOPS  TABLE. 


Locality. 


Island  Ko.  1  to  Colnmbns 

Goliimbiis  to  foot  of  Wolf  Island 

Foot  Wolf  IslnDd  to  Salmon's  Landing 

Salmon's  Landing  to  James'  Bayou 

James'  Bayou  to  ^  Bii  dsall 

A  Binlsall  to  A  Everett   

Mean  slope  for  entire  reach 


Distance. 

Slope  per 
mile. 

Rising  or 
fMUng.* 

JTOm. 

JFVt 

11 

a  16 

±. 

7 

0.46 

^ 

7 

0.84 

+ 

11 

0.28 

± 

10 

0.31 

d: 

11 

0.85 

+ 

57 

0.32 

CalreniDgs- 
rwiiilng. 


a97 
ia46 
U.46 
2a  SB 
SSL  Of 


*  +  =  rising ;  — = falling ;  ±  =  stationary. 

I  cannot  too  highly  commend  the  diligence  and  skill  of  my  assistants,  npon  whose 
seal  the  favorable  ]>rogre.ss  of  the  work  so  largely  depends. 
Very  respectluUy,  your  obedient  servant, 

C.  M.  WiNCHieix, 
A9aMant  Bmfimem'^ 
First  Lieut.  Smith  S.  Leach, 

Secretary  MiaHseippi  Biver  Commisaion, 
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3. — Btpari  of  AitMtmi  Engineer  L.  L,  Wheeler ^  CaruthereviUef  Mo,,  to  Bandolph  Poinif 

Tennessee, 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo,,  August  1,  1884. 

Sir  :  I  hare  the  honor  to  submit  the  following  report  upon  the  operations  of  the 
party  in  my  charge  during  the  season  of  1883-^84. 

The  work  assigned  to  the  party  was  t^  make  a  topographical  and  hydrographical 
Borvey  of  that  section  of  the  Mississippi  River  between  Carulhersville,  Mo.,  and  Ran- 
dolph Point,  Tennessee.  The  organization  of  the  party  was  as  follows :  Chief  of  party, 
L.  L.  Wheeler  ^topographers,  A.  N.  Darrow,  O.  W.  Ferguson,  E.  E.  Haskell,  O.  A. 
Orrman,  A.  H.  Weber,  J.  W.  Payne ;  hydrographers,  H.  B.  Wood,  Fred.  Morley ;  lev- 
elers,  A.  E.  Kastl,  T.  C.  Thomas ;  draughtsman,  A.  Perrilliat ;  and  48  men. 

In  accordance  with  yonr  instructions,  the  party  left  Saint  Louis  by  rail  the  evening 
of  October  10,  and  went  on  board  the  quarter-boats  Illinois  and  Kentucky,  at  Cairo, 
m.,  the  following  morning.  The  boats  were  taken  in  tow  the  same  day  by  the  Uni- 
ted States  steamer  Patrol,  and  reached  Caruthersville  the  evening  of  October  13. 
Field  work  commenced  Monday,  October  15,  on  a  line  normal  to  the  river  at  Camthers- 
▼ille,  and  continued  without  interruptions  of  any  kind  until  about  January  1,  when 
the  weather  became  very  inclement,  and  continued  so  until  the  end  of  the  season. 
At  the  above  date  Brandywine  Island  had  been  reached,  and  the  work  remaining  to 
be  completed  included  Centennial  and  Brandywine  Islands,  Islands  37  and  39,  and 
the  main  banks  down  to  Randolph  Point.  The  river  at  this  time  was  rising  fast  and 
rapidly  covering  the  low  bars  and  islands,  and  bringing  down  large  quantities  of 
dnftwood.  The  weather  became  intensely  cold  and  a  large  portion  of  the  time  heavy 
fogs  hung  over  the  river,  making  it  difficult  to  see  signals  or  to  do  field  work  of  any 
kind  in  the  immediate  vicinity  of  the  river.  The  work  was  pushed  down  tlie  main 
channel  as  fast  as  the  weather  would  permit,  and,  January  5,  was  completed  in  and 
along  the  main  channel  to  Randolph  Point.  The  Patrol  moved  the  party,  January  6,  to 
Viola  Landing  in  the  old  river,  behind  Centennial  Island.  A  heavy  snow-storm  set  in 
the  next  day  and  ice  commenced  running  the  same  evening.  From  that  time  until 
the  end  of  the  work  the  river  was  not  free  from  ice,  so  that  no  hydrography  could  be 
done.  The  work  on  the  main  bank  behind  Centennial  Island  and  Island  37  was  com- 
pleted by  the  parties  walking  to  and  from  work  through  snow  from  6  to  8  inches  deep, 
part  of  tne  work  being  done  on  the  ice.  The  Patrol  returned  to  the  party  the  even- 
ing of  January  9,  and  remained  until  the  morning  of  January  12,  when  finding  it  im- 
possible to  continue  work  and  provisions  being  exhausted  the  party  was  disbanded 
and  taken  to  Memphis  by  the  Patrol.  The  work  left  unfinished  includes  the  whole  of 
Island  37  and  that  portion  of  Centennial  Island  lying  outside  of  the  old  main  bank,  and 
the  hydrography  in  the  chutes  behind  these  islands.  The  total  number  of  days  spent 
in  the  field  was  94,  of  which  4  were  spent  in  traveling,  2  were  observed  as  holidays,  13 
were  Sundavs,  and  5  were  too  stormy  for  work,  leaving  70  days  in  which  work  was 
done.  The  length  of  main  river  surveyed  was  101  miles,  the  average  daily  progress 
being  1.07  miles  or  1.44  miles  per  working  day.  The  average  daily  progress  in  mi^  of 
river  was  very  much  diminished  by  the  number  of  large  islands  to  be  surveyed.  The 
total  number  of  square  miles  of  topography  was  274,  and  of  hydrography  80,  making 
the  total  number  of  square  miles  surveyed  354,  being  a  daily  average  of  3.76  square 
miles,  or  5.05  square  miles  per  working  day. 

TOPOGRAPHY. 

A  preliminary  survey  of  this  portion  of  the  river  had  been  made  during  the  season 
of  1879-^80,  and  the  work  of  last  season  was  intended  to  fill  in  the  topographical  de- 
tails. 

It  was  found,  however,  that  in  consequence  of  the  loss  of  many  of  the  triangulation 
stations  and  of  the  necessity  of  running  shore  lines  to  locate  sounding  stations  and  to 
determine  changes  in  banks,  bars,  &c.,  that  a  complete  survey  was  necessary.  This 
-work  did  not  differ  in  detail  from  what  had  been  done  previous  seasons.  A  sufficient 
namber  of  triangulation  stations  were  found  to  furnish  azimuth,  and  to  check  stadia 
distances.  Of  the  100  triangulation  stations  on  this  portion  of  the  river,  54  have  been 
lost  by  caving  of  the  banks,  2  have  been  taken  away  by  persons  unknown,  3  have  been 
broken,  and  2  were  not  found,  although  at  safe  distances  from  the  river. 

HYDROGRAPHY. 

The  instmctions  required  that  the  sections  sounded  in  1879-'80  should  be  resounded 
as  nearly  as  they  could  be  identified.  It  was  fonnd,  however,  that,  on  account  of 
changes  that  had  taken  place  in  bankn,  bars,  islnuds,  tow-heads^  &c,,  the  old  sec- 
tions could  not  be  identified,  and  could  be  found  only  by  plotting  the  shore-lines 
and  conipariug  the  two  surveys.  To  have  done  this  would  have  kept  the  hydrograiihy 
far  behind  the  other  work,  whioh  it  was  not  advisable  to  do.     In  the  101  miles  of 

169  ENO 
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uiaiu  river  503  Hoctions  were  sounded,  iiiakiDg  the  average  distauce  between  tbem 
323  meters.  Probably  none  of  the  old  sectioDH  would  be  more  than  200  meten  from  one 
of  the  new  ones,  and  tbe  majority  of  them  would  be  much  less.  It  is  probable  that, 
on  account  of  the  changes  that  have  taken  place,  the  positions  of  the  old  sections 
relative  to  the  general  outline  of  the  river  had  changea  by  as  great  distances,  and 
that,  therefore,  the  old  sections  have  been  as  nearly  duplicated  as  if  sonnded  in  ex- 
actly the  same  positions. 
The  following  is  a  summary  of  the  hydrographical  work: 

Miles  of  main  river 101 

Square  miles 80 

Sections  in  main  river 503 

Sections  in  chutes,  &c 121 

Soundings 29,283 

Sextant  angles 16,974 

LEVELS. 

Elevations  were  based  upon  a  line  of  precise  bench-marks,  and  are  refiDrred  to  the 
Memphis  datum  plane.  There  had  been  set  originally  27  bench-marks,  and  of  these 
21  were  found  in  good  condition,  3  were  not  found  but  probablyare  safe,  1  had  caved 
in  the  river,  1  lia<l  been  broken,  and  1  bad  been  taken  to  serve  as  hearth-stone  in  a 
cabin  near  by. 

The  following  table  shows  the  discrepancies  between  the  results  of  the  precise  levels 
and  the  ordinary  levels: 


Donch-marks. 


Distance.'  Discrepancy. 


Bench-nmrks. 


No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 


27  to  No. 

28  to  No. 
28  to  No. 
32  10  No. 
32  to  No. 
37  to  No. 
37  to  No. 
39  to  No. 
41  to  No. 


28. 

31. 

32. 

33. 

37 

38. 

39. 

41. 

42. 


3i : 

14 
17i 
2 

'^ 

8|  I 
94 

4     ! 


Disomoe. 


Feet 
-0.084 
-0.  018 
+0. 121 
+0. 118 
-f  0.  097 
+  0.011 
+  0.063 
-0.  078 
+0.008 


No.  42  to  No.  43.. 
No.43toNo.44.. 
No.  44  to  No.  45  . 
No.  45  to  No.  46  . 
No.  48  to  No.  49.. 
No.  49  to  Nti.  51 . . 
No.  51  to  No.  52*. 
Na  51  to  No.  53.. 


Jfilft. 


i 

4 
4 


Diaerepancj. 


-0.1S1 
•f  0.098 
-0.058 
+0.070 
+0.00 
-0.0011 
-0.146 


No.  52  said  to  have  been  (1istarl>ed  by  a  falling  tree. 


Liues  of  level.s  wer<»  run  on  each  bank,  the  two  checking  each  other  by  riveir  oroas- 
ingH  and  by  comparisons  of  water  surlaees.  The  following  table  shows  the  diacrep- 
ancicH  betw<»en  tbe  two  lines  of  ordinary  levels: 


Locality  of  compnriHon.    Distance. |  Disciopancy. 


Miles. 

Booth'H  Point,  Tenue»H<'t*.  74 

Foot  of  Inland  21 14 

Danit  I's  Point,  Arkaimnn  20} 
Elmot    Landing,   Arkan- 

pas ........  8i 

Fultoii/ivnii  !!."!.!!.!...  14i 


I 


Feet. 
+0.327 
-0.  Ill 
-t  0.117 

-0.034 
-0.  020 


Locality  of  compaiiMm.    Distance. 


Morgan's  Point,  Arkan- 
sas   

Andrew's  Landing,  Ar> 
kansas  

Brandy  wine  Island 


JTOm. 


01 

16 
10» 


DiBOrepancy. 


-H-030 

+0.037 
+0.170 


There  have  Ixhmi  set  along  the  section  of  the  river  116  stone  line  bench-marks,  of 
which  14  were  w^t  during  last  season.  Of  the  102  bench-marks  set  in  1879-'80  5 
hav«*  been  lost  by  <taving  of  the  banka,  3  have  been  broken,  and  8  were  not  fonnd, 
altiiou^li  at  safe  distanees  iVoni  the  river.  Filed  herewith  is  a  t^able  showing  all  ele- 
vations of  stoui^  line  beneh-niarks  determined,  and  discrepancies  where  eleyatioiia 
have  Wvw  obtained  in  l>oth  seasons  for  the  same  bench-marks.  The  elevations  of 
l>ench-niarks  used  In  dcterniining  the  low-water  slope  of  1883  Were  determined,  and 
the  water-gaugi's  at  Cottonwood  Point  and  Fulton  insi>ected,  and  the  elevation  of 
their  z«*ros  deterinin<'(l. 

Tlit^  assistants  prrfonne<l  their  duties  with  ability  and  energy,  and  to  them  ia  largely 
due  the  rapid  jirogrcss  of  the  work. 

V<*ry  resjH'ctfully,  your  obedient  servant, 

L.  L.  Whrrler, 
AaBintoHt  Engineer, 
First   Li<  :!l.  ^Miiu  S.  Lkacii. 

Sivrtutrt/  MmitsHipin  IChcr  Commimon, 
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Appendix  D. 

rkpobt  upok  and  results  of  experimental  work  at  various  discharge 

stations. 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  October  20,  1884. 

General  :  I  have  the  honor  to  submit  herewith  the  results  of  the  experimental  work 
done  at  the  Paducah,  Columbus,  Helena,  Hays'  Landing,  and  Red  River  Landing  dis- 
cbarge stations  in  1882.  The  work  related  mainly  to  the  distribution  of  velocities 
throughout  the  cross-section. 

The  original  reports  are  voluminous  and  contain  much  detail  of  computation  not 
essential  to  a  complete  presentation  of  the  results.  The  important  parts  have  there- 
fore been  extracted ;  but  it  should  be  added  that  every  ijidividual  result  is  presented  in 
figures,  and  the  individual  curves  omitted  may  easily  be  reconstructed  from  them  by 
any  one  so  inclined. 

The  methods  of  reduction  are  described  in  the  report  accompanying  the  Padiieah 
rebults,  and  were  the  same  for  all  the  stations,  all  the  computers  working  from  one 
memorandum  and  under  the  same  supervision.  All  the  work  was  done  with  current 
meters. 

There  are  given  for  each  discharge  section  tables  showing  the  ratings  of  meters  used 
in  determining  velocities,  and  tables  showing  depths,  velocities  at  each  tenth  of  depth 
for  each  observation,  means  for  each  station,  means  of  all  stations,  and  moans  of  all  ob- 
servations. For  Paducah  and  Red  River  Landing  there  are  given  reports  upon  the 
reductions  by  Assistant  Engineer  E.  H.  Twining.  A  table  is  given  showing  transverse 
distribution  of  velocities  observed  at  seven  feet  beneath  the  surface  in  the  bendabove 
Columbus.  There  are  also  given  tables  showing  areas  of  a  section  in  Beekwith's  Bend, 
\2  miles  belowCoIumbus,  andof  a  section  in  Brunette  Bend,  22  miles  below  Red  River 
Landing. 

For  each  section  a  plate  is  given  showing  a  sketch  of  the  locality,  the  general  shape 
of  the  cross-section  and  the  vertical  velocity  curves.  In  order  to  economize  space  the 
origins  of  velocities  in  the  curves  have  been  so  taken  as  to  bring  the  curves  as  near 
each  other  as  possible  without  confusion.  The  scales  for  velocities  and  depths  are 
aniform  throughout. 

There  is  also  given  a  plate  showing  the  curves  representing  equal  velocities  at  the 
Hays'  Landing  section  at  low  water,  the  stage  being  between  6  and  7  feet.  Each  of 
♦he  velocities  there  shown,  is  the  mean  of  23  observations  made  on  separate  days,  the 
nver  being  practically  at  a  stand. 

While  the  curves  of  each  station  seem  to  have  a  different  characteristic  form,  they 
•re  in  close  accord  on  one  very  important  point  in  practical  gauging,  viz: — the  depth 
at  which  the  mean  velocity  is  to  be  fuun<l.  The  final  table  shows  the  grand  mean  curve 
f<»r  all  localities  and  the  percentage  of  the  depth  at  which  mean  velocity  is  found  in 
the  m*'ai»  curve  for  each  locality. 

This  percentage  varies  from  .60  to  .71  only. 
Very  respectfully,  your  obedient  servant, 

Smith  S.  Leach, 
First  Lieutenant  of  Engineers y  Secretary. 

General  C.  B.  Comstock, 

Preaidmt  Mississippi  Biver  Commission,  and 

Chairman  Committee  on  Surveys  and  Examinations, 


1.— Paducah,  Kentucky. 

Office  Mississippi  River  Commission, 

Saint  Louis,  Mo.,  July  6,  1884.   . 

Sir  :  In  accordance  with  instructions,  I  have  the  honor  to  submit  a  report  on  the  re- 
duction of  experimental  work  performed  by  Assistant  W.  G.  Price,  in  the  year  1882, 
at  the  Ohio  River  discharge  section  near  Paducah,  Ky. 

The  section  is  situated  3  miles  below  the  mouth  oif  the  Tennessee  River,  and  about  15 
lailes  below  the  mouth  of  the  Cumberland.  The  effect  of  local  changes  in  these  riv- 
ers is  at  limes  noticeable  at  the  section,  in  producing  irregularities  both  in  amount 
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and  distribntion  of  velocities,  especially  at  the  lower  stages.  In  general,  however 
a  rise  of  these  rivers  is  so  nearly  coincident  with  a  like  movement  of  the  Ohio,  that 
their  eifect  is  lost  in  the  mass  o^  the  main  river. 

A  middle  bar,  just  showing  at  extreme  low  water,  lies  at  about  two-tldrds  the  width 
of  the  river  from  the  Kentucky  shore.  Nearly  opposite  the  head  of  t'lis,  and  nearer 
the  Kentucky  side,  is  the  foot  of  a  series  of  shoals,  which  are  virtually  a  continuation 
of  the  point  of  land  between  the  Ohio  and  Tennessee.  Between  thi  se  and  the  bar 
first  mentioned  is  the  high- water  channel  of  the  Ohio.  The  effect  of  this  conforma- 
tion will  be  alluded  to  in  the  course  of  the  report. 

A  sketch  of  the  locality  is  appended. 

The  experimental  work  included  the  following  particulars:  Determination  of  velo- 
cities in  vertical  planes;  comparison  of  mid-depth  and  integration  velocities ;  com- 
parison of  rod-float  and  motor  velocities ;  current  oscillations ;  meter  ratinj^s. 

Vertical  rehcities. — These  were  all  taken  with  the  meter,  Ellis  No.  G  being  used  up  to 
January  24,  and  Price  A  after  that  date.  Observations  were  made  at  17  stations,  ex- 
cept from  July  14  to  August  31,  when  the  number  of  stations  was  16.  These  stations 
were  located  by  fixed  signals,  so  that  the  points  of  observation  were  nearly  invaria- 
ble. Only  during  the  period  above  mentioned  was  it  found  necessary  to  redistribute 
the  observations,  in  the  process  of  combination.  The  meter  was  run  for  one  minute 
at  every  foot  in  depth  (in  ver^*  shoal  water  at  one- half  foot  intervals),  and  a  mid-depth 
run  of  five  minutes  was  made  before  and  after  each  vertical.  The  whole  nuo^bor  of 
verticals  is  211. 

The  results  are  tabulated  in  the  annexed  sheets,  numbered  1  to  84,  with  a  graphic 
view  of  each  vertical  and  of  its  location  on  the  section.  The  meter  registrations  are 
given  for  one-minute  runs,  and  the  velocities  in  feet  per  second.  Except  where  other- 
wise stated  the  scale  of  depth  for  the  plotted  curves  is  10  feet,  and  that  of  velocity  I 
foot  to  the  division.  In  the  location  the  scale  is  1,000  feet  to  the  division  horizontal ; 
the  vertical  scale  is  arbitrary.* 

Upon  the  a8Hum)>tion  that  the  velocities  at  proportionate  depths,  at  all  stations, 
maintain  a  fixed  ratio,  the  vertical  curves  were  divided  into  tenths,  fh>m  surface  to 
bottom,  and  the  velocity  at  each  tenth  measured  or  computed,  thus  forming  a  now 
series  of  verticals  of  11  points  each.  The  verticals  of  this  series  were  combined  ac- 
cording to  their  respective  stations,  the  mean  of  each  group  (station  mean)  represent- 
ing the  normal  distributitm  of  velocities  in  a  vertical  ])lane  for  that  station.  The  sta- 
tion means  were  in  like  manner  combined,  tbo  result  (means  of  stations)  giving  the 
vertical  distribution  of  velocities  for  the  whole  section.  A  grand  mean  was  obtained 
by  combining  all  the  numbers  of  the  series,  without  distributing  them  to  their  respect- 
ive stations.  This  difiers  slightly  from  the  mean  of  stations,  from  the  fact  that  the 
number  of  observations  was  not  the  same  for  all  stations,  those  made  at  the  higher 
stages  of  water  not  always  inclndin«£  every  station  on  the  section. 

Inspection  of  the  curve's  on  sheet  xCo.  84  shows  considerable  variation  in  form,  in 
passing  from  No.  I,  on  the  Kentucky  side,  to  No.  17,  on  the  Illinois  side,  those  on  the 
left  side  of  the  middle  bar  having  tinrir  maxiinuni  below,  and  those  on  the  other  side 
at  the  surface.  In  connection  with  the  grand  moan  curve,  the  mean  of  stations  I  to 
8,  and  that  of  stations  9  to  17,  are  exhibited.  The  difference  in  form  arises  from  the 
fact  that,  as  previously  explained,  the  river  at  this  point  does  not  present  a  homogene- 
ous section.  Becanse\>f  tlu;  disturbances  from  this  source,  it  is  hardly  to  be  expected 
that  the  grand  mean  curves  should  bo  capable  of  being  expressed  by  an  equation. 
The  nearest  ai)i>roach  is  ajiparently  to  that  of  an  ellipse  with  its  m^or  axis  verti- 
cal. Mr.  Price  is  probably  ri^^ht  in  attributing  some  of  these  irregularities  in  the 
vertical  distribution  of  velocities  to  diflerences  in  temperature  of  the  two  rivers,  al- 
though, no  record  of  the  temperature  of  the  water  having  been  kept,  the  extent  of  this 
inflnrnco  cannot  be  certainly  defined.  Aside  from  this,  however,  the  variations  in 
relative  stage  of  the  Ohio  and  its  affluent  aft'ect  to  some  extent  the  distribution  of 
velocities,  both  vertical  and  transverse.  Fnrlhermore  a  change  in  transverse  distri- 
bution also  occurs  as  the  absolute  stage  becomes  lower,  the  maximum  velocity  above 
the  8-foot  stage  being  on  the  Kentucky  side,  and  below  that  stage  on  the  Illinois  side, 
except  in  case  of  a  transitjnt  rise  in  the  Tennessee.  This  apparently  results  from  the 
action  of  the  bar  just  above  the  section,  which  at  low  water  tends  to  restrict  the  Ohio 
current  to  the  north  channel. 

Mid-depth  a»d  intcffralion  velocities. — These  experiments,  75 in  number,  were  all  nuide 
after  the  river  had  fnllen  to  the  12r>-foot  stage.  The  meter  was  run  at  mid-depth  for 
five  minutes,  the  registrations  being  noted  at  intervals  of  tifteen  seoonds;  the  integnk 
tions  (taken  from  bottom  to  top  only)  were  also  recorded  every  fifteen  seconds.  Only 
mid-depth  velocities  were  plotted,  and  the  mean  co!npared  with  that  of  the  inteara- 
tions.  Inspection  of  the  cnrv(»s  shows  that  the  variations  from  the  mean,  withibir 
exceptions,  lie  within  the  limits  of  error  in  observation,  viz,  a  half  second  of  time  and 

•  The  tables  h<Te  referred  to  are  not  published. 
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a  half  resist  ration,  and  that  there  is  little  evidence  of  anything  like  rhythmic  puUa- 
tioD  in  the  current  during  the  time  (five  minutes)  given  to  the  observation. 

Tbe  sum  of  the  two  errors  mentioned  gives  an  absolute  error  which  may  occur  in  any 
obnervatioii,  and  which  will  show  a  larger  percentage  as  the  velocity  is  lower.  The 
mean  of  velocities  observed  at  all  stations  for  the  period  of  this  set  of  observations  is 
2.16  feet  per  second:  the  possible  error  is  0.14,  or  6.5  per  cent. 

The  average  of  all  the  observations  gives  a  departure  from  the  mean  of  ^6.5  per 
cent. ;  this  however  vai'ies  widely  in  the  individual  observations,  ranging  from  2  to  20 
per  cent.  There  are  evidently,  besides  the  errors  of  experiment,  causes  of  fluctuation 
to  be  sought  for  in  the  irregularities  of  the  stream  lines  and  in  the  mauagemeut  of  the 
meter.  It  is  manifest  that,  if  the  meter  is  free  to  swing  as  a  whole,  like  a  pendulum, 
lateral  variations  will  produce  oscillations,  which,  interfering  with  th«  current  move- 
ment, will  give  velocities  varying  from  one  another  in  the  same  way,  and  for  the  same 
reasons,  as  upward  and  downward  integrations  vary.  These  movements  of  the  meter 
mafik  to  some  extent  the  current  variations,  and  must  be  as  far  as  possible  eliminated 
before  the  latter  can  be  examined.  From  the  expeHments  on  current  oscillations  at 
this  station,  it  appears  that  lateral  deviations  are  very  small,  aud  it  would  seem  that 
the  disturbing  causes  must  he  sought  for  in  real  changes  of  velocity,  from  instant  to 
instant,  nt  the  point  of  measurement.  An  epicyclical  movement  of  the  particles  of 
water,  such  as  theoretical  considerations  would  indicate,  of  course  implies  momentary 
changes  in  velocity  at  any  given  point.  The  extent  of  these  and  their  regularity  of 
recurrence  can  only  be  detcrrmined  by  means  of  an  apparatus  of  contini^ous  record, 
to  avoid  those  sharp  irregularities  which  must  appear  in  any  series  of  detached  ob- 
servations. 

In  order  to  compare  roughly  the  fluctuations  in  mid-depth  with  those  of  the  vertical 
velocities  of  the  same  period,  a  free-hand  curve  was  drawn  through  each  vortical,  ap- 
proaching as  nearly  as  possible  the  form  of  the  mean  vertical  curve  of  the  section ; 
the  half  sum  of  the  extreme  variations  from  this  line  was  considered  as  the  -^  depart- 
ure for  that  observation.  The  mean  obtained  in  this  way  is  5  per  cent.,  varyinj^  in 
individual  cases  from  2  to  15  per  cent,  of  the  mean  velocity.  In  this  case  the  time 
and  registration  errors  have  but  one-fourth  the  weight  of  those  in  the  mid-depth  ob- 
sei^ations,  since  in  the  verticals  the  meter  is  recorded  at  one-minute  intervals. 

On  the  assumption  that  the  errois  of  observation  do  not  exceed  the  uecesssary 
amount  stated  (a  half  registration  and  a  half  second)  these  results  indicate  the  action 
of  a  disturbing  cause  in  the  movements  of  the  water.  It  is  found,  moreover,  that  the 
greatest  fluctuations  occur  at  the  ends  of  the  section,*where  the  efl'ect  of  the  shore  slope 
18  felt.  In  the  case  of  the  verticals,  it  is  not  possible,  in  the  absence  of  repeated  ob- 
aervations  at  the  same  time,  to  decide  how  far  the  lowest  observed  velocity  is  afl'ected 
by  the  bottom  of  the  river,  though  the  variety  in  form  of  the  individual  curves  in  this 
part  points  to  a  considerable  range  nt'  variation  in  velocity. 

The  comparison  of  mid-depth  and  mean  integration  velocities  shows  that  the  former 
are  about  3  per  cent,  in  excess  of  the  latter — a  little  more  than  this,  if  the  mean  of  up 
and  down  integrations  be  taken,  since  the  upward  regularly  exceeds  the  downward 
mean  by  1  or  2  per  cent.  This  agrees  closely  with  the  results  of  observations  in  ver- 
tical planes,  in  which  the  mean  coefficient  for  th(u*eduetion  of  mid-depth  to  mean  ve- 
l<x?ity  is  0.9(55,  varying,  however,  for  the  various  stations  from  0.944  to  I.'  00,  aud  for 
the  two  sides  of  the  river  from  0.955  (stations  1  to  8)  to  0.975  (stations  9  to  17),  this 
difl'erence  between  the  two  groups  of  stations  proceeding  from  the  relatively  low  sur- 
fiftce  velocity  on  the  Kentucky  siile,  as  noticed  above. 

This  coincidence  incidentally  contirms  the  correctness  of  the  presupposition  on 
which  most  of  the  meter  work  on  the  Mississippi  River  and  tributaries  is  based,  viz, 
that  the  integrations  furuit*h  the  true  mean  of  velocities  past  a  vertical. 

Bod-float  and  meter  reloatits. — Kod  floats  werci  run  in  connection  with  the  meter  on 
twenty-four  days,  from  June  7  to  the  end  of  the  season;  six  floats  were  run  at  each 
station,  and  the  mean  taken.  These  velocities  have  been  tabulated,  but  are  not  pre- 
aente<l  here,  as  the  details  add  but  little  to  the  general  results  contained  in  the  tables 
of  discharge  observations.  Report  Mississippi  River  Commission  18d3,  pp.  185  ff.  Plot- 
ted transverse  curves  of  eight  days*  observations  are,  however,  given  on  page  85,  and 
ratios  of  meter  to  rod-float  velocities  on  page  86. 

In  general,  it  will  be  seen  that  the  velocities  obtained  by  rod-floats  are  lower  than 
indicated  by  the  meter,  for  stages  below  25  feet  on  the  gauge.  The  few  simultaneous 
observations  made  above  this  stage  indicate  that  the  rod-lloats  give  at  higher  stages 
a  slightly  greater  velocity  than  the  meter,  owing  probably  to  the  immersion.  In  the 
absence  of  slope  data,  no  satisfactory  coniparis<m  can  be  made  of  velocities  observed 
trom  Januai-y  27  to  February  10,  when  rod-floats  alone  were  used,  with  those  found 
later  by  the  meter,  at  like  stages.  The  mean  ratio  for  stages  fi'om  'A/Zi,  to  10.40  is 
0.94G;  from  3.23  to  20.88,  0.949;  from  3.23  to  31.:J(3,  0.903. 

It  was  expected  that  comparisons  could  be  made  between  the  rod-float  velocities 
and  those  found  by  the  meter,  at  the  same  stage,  down  to  the  depth  of  immersion^ 
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but  it  was  fonnd  that  cliaoges  in  slope  made  this  comparisoo  very  uncertain.  On  two 
days  rods  were  rim  at  varying  depths,  and  at  the  same  time  vertical  Telocities  taken 
with  the  meter,  as  follows : 


Date. 


1882. 
September  28 

October  4 

October  4 

Ootober4 

November  1 


Station. 

Depth. 

FwL 

4 

• 

25 

18 

11.2 

14 

11.0 

15 

12.5 

16 

10.8 

Immersion. 


Fut. 
9.2 
16.1 
21.4 
4.8 
9.2 
4.8 
9.2 
4.8 
9.2 
42 
9.2 


Velocity. 


Bod-float 


Observed. 

Bednoed.j 

1 

2.01 

L85 

1.98 

1.87 

1.92 

1.86 

2.10 

2.00 

2.10 

2.02 

2.83 

2.15 

2.21 

2.18 

2.24 

2.06 

2  17 

2.07 

1.45 

1.34 

L36 

L32 

Meter  to 

immersion 

depth. 


2.02 
2.01 
1.95 
2.30 
2.22 
2.33 
2.17 
2.29 
2.19 


These  rcsnlts,  so  far  as  they  go.  show  a  tolerably  close  agreement  of  rod-float  and 
meter,  down  to  iiinnersion  depth;  the  coincidence  also  of  the  rod-float  velocities  re- 
duced (by  Fnmcis  formula)  tcuds  to  verify  this  formnla  for  large  streams.  It  may 
bt^  ohservfd,  moreover,  that  the  velocities  obtained  by  rods  and  meters  respectively 
approximate  more  nearly  if,  in  the  case  of  the  latter,  account  is  taken  of  the  iillct 
(in  these  oUservatioDs  1  foot)  of  water  next  the  bottom,  not  reached  by  the  meter 
this  having  ii  ore  weight  in  determining  the  mean  velocity  as  the  depth  of  water  is 
less.  From  an  estimate  of  the  rate  of  decrease  in  velocity  in  approaching  the  bot- 
tom, based  on  the  form  of  the  mean-velocity  curve,  it  would  appear  that  the  mean 
velocity  of  this  lillet  is  not  less  than  85  per  cent,  of  the  velocity  at  1  foot  above  the 
bottom. 

Current  OHcillations. — Experiments  were  made  to  detect  the  occurrence  of  lateral 
deflections  in  the  thread  of  the  current  at  different  points,  by  means  of  a  submerged 
vane.  These  at  first,  when  the  whole  apparatus  was  free  to  swing,  indicated  some 
oscillations;  hut  when  lateral  guy  lines  were  used  to  prevent  this  swinging,  the  de- 
flections disappeared  or  were  reduced  to  a  verv  inconsiderable  amount. 

Meter  raiUujs. — The  meters  rated  were  Ellis  No.  6,  Herschel  No.  12,  and  Price  A.  A 
table  of  results  is  appended,  as  also  the  plotted  ratings  of  meter  A.  The  close  corre- 
spondence of  the  difl'erent  ratings  of  the  last-named  meter,  and  the  absence  of  any 
important  variations  in  its  registering,  show  that  it  is  to  be  relied  on  at  all  veloci- 
ties. 

Very  respectfully,  your  obedient  servant, 

E.  H.  TwiNwa. 

First  Lieut.  Smith  S.  Leach, 

Secretary  Mississippi  Biver  Commiation, 


APPENDIX  W  W — &EPORT  OF  MISSISSIPPI  EIVER  COMMISSION.    2695 
Ealipg*  of  mtfrrn  iimif  at  Faducah,  Ky. 


Stint  Loola.  Ut 
I'mni-ah.  Ky:  , 


..  do 

10 

aii.i». 

■ii 

IS 

on 

■^1 

"-.o-gw 

121 

2  01-5.  ,« 

^«tecllie«  (»  /w(  per  nceni  a 


Dopth. 

Sarhoe. 

.1  1  .,  ^  ..  j  ., 

.S     i      .«     1     .7           .K     ■     .8        Bottom. 

I 
10 

10 

12 

11 

LSO 
L30 
LIT 

■ 

84  '    LOO 

S8  '    LM 
27       L28 

33  <    1.30 
80  {   o! »» 

lies      LM       LBO      \.f^  ■    1:42               ■ 

LTO        LOS       l!e2  '     L5«  '     lisi 
1,70        LT4        L60        LM  1     1.47 

L23  {    LU       L14  .    LU8       LOS  i            i 
o:83|    o:B7       oiw:    o:78      Oioo:            1 

52 

30 

83 
80 

i 

2t 

je 

S2 
M 

L»4 

2.03 

2.  IB 
2.22 
l.M 

LS&j    2:01 

2.33  1    2-20 
LOO        !80 

ilO      2  30 
£03.    l.MI 

2.30      2.20 

Le7     L8e 

III  j  11  jl 

L2D 
L20 
1,27 

LBS 

17 

L5e;      -M 

1.09  1     1.M        LMl     l.«I        1.37       1.31        1.22 

0.W 

Ugu>=!3.S           1.81 

1.04  1    i.m 

.«|.»j,.«j,.»     ....[..^^.x 

,.» 
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VelodiieB  in  feet  per  second  at  each  tenth  of  depthy  <fc — Contiiiae<l. 

STATION  3. 


Depth. 

Surface. 

.1 

.2 

67 

4.10 

4.21 

■ 
4.32 

37 

2.05 

2. 22 

2.37 

36 

2.41 

2.  2S 

2.38 

25 

2.25 

2.  25 

2.  03 

30 

2.53 

2.60 

2.  GO 

30 

2.44 

2.  52 

2.53 

27 

2.63 

2.  54 

2.  GO 

26 

2.37 

2.30 

1    2.34 

27 

2.57 

2.  60 

2.  50 

23 

1.80 

2.  03 

1.07 

22 

1.71 

1.05 

;     1.G5 

22 

1.65 

1.65 

!     1.75 

HeaD8=30.2 

2.38 

1 

2.41 

2.42 

rr^  I 


.3 


4.35 

2.47 

2. 32 

2.02 

2.66 

2.57 

2.  60  I 

2.39  i 

2.53 

1.97 

1.05 

1.72 


4.16 
2.45 
2.35 
l.H 
2. 75 
2.  57 
2.47 
2.41 
2.36 
2.  02 
1.G4 
1.74 


.6  i 

.6 
3.92 

.7 

.8 

.0 

Bottom.  < 

1 

4.07 

3.67 

3.39 

2.78 

2.16 

2.  30  ' 

2.35 

2.26 

2.07 

L91 

1.37 

2.44 

2.41 

2.U 

2.06 

1.91 

1.20 

■     1.98 

2.00 

1.90 

1.58 

1.50 

1.30 

2.66 

2.53 

2.34 

2.15 

2.00 

1.71 

2.57 

2.52 

2.37 

2.28 

2. 27 

1.74 

2.47 

2.27 

2.38 

2.15 

1.93 

1.65 

;    2.24 

2.28 

2.17 

2.00 

L98 

L71 

:    2.41 

2.37 

2.17 

2.20 

1.04 

1.71 

1.90 

1.81 

1.75 

1.69 

l.Gl 

1.30 

,     1.66 

1.57 

1.52 

L42 

1.34 

l.li 

1     1.54 

1.49 

1.46 

1.36 

1.37 

i.n 

2.44  I    2.40       2.35       2.29 


2.18 


2. 04      1. 88 


LSI 


STATION  4. 


Means=35. 0 


6.46 

2.81 

8.16 

1.64 

2.08 

L58 

2.01 

1.53 

2.10 

1.50 

1.61 

1.43 

2.15 

1.90 

2.27 

1.74 

1.56 

1.40 

1.75 

1.40 

1.03 

1.44 

1.64 

1.46 

1.64 

1.33 

1.50 

L36 

1.36 

0.86 

2.42  1    2.15 


1.68 


STATION  5. 


56 

5.13 

40 

2.38 

36 

2.86 

29 

2.37 

31 

3.04 

28 

2.  75 

26 

2.16 

26 

2.50 

27 

2.60 

24 

2.19 

23 

1.87 

20 

1.68 

Means=30. 1 


2.63 


o 


95 
55 
67 
18 
08 
2.73 
2.  05 
2.  48 
2.43 
2.14 
1.84 
1.68 


o 


5.04 
2.72 
2.61 
2.  03 
3.(»7 
2.73 
2.00 
2.34 
2.50 
1.93 
1.H7 
1.G9 


6.03 
2.66 

2.  65 
2.16 

3.  07 
2.79 
2.08 
2.44 
2.57 
1.87 
1.87 
1.68 


56       2. 55       2. 57 


4.98 

4.69 

4.66 

4.41 

8.00 

8.65 

3.04 

2.75 

2.78 

2.76 

2.52 

2.88 

2.22 

1.68 

2.65 

2.86 

2.88 

2.76 

2.68 

2.17 

L78 

2.12 

2.14 

2.19 

2.06 

1.81 

1.50 

L20 

8.07 

3.13 

2.98 

2.01 

2.63 

2.34 

1.83 

2.84 

2.85 

2.71 

2.65 

2.46 

2.40 

L87 

2.18 

2.03 

2.04 

2.11 

1.82 

1.74 

1.49 

2.44 

2.34 

2.87 

2.26 

2.12 

2.00 

L46 

2.34 

2.35 

2.30 

2.24 

2.23 

1.00 

L68 

2.03 

1.86 

1.84 

1.85 

1.90 

1.72 

1.88 

1.83 

1.84 

1.76 

1.74 

1.64 

L45 

1.42 

1.67 

1.64 

1.56 

1.48 

1.41 

1.80 

0.83 

2.58 

2.54 

2.40 

2.42 

2.26 

2.03 

L82 

STATION  6. 


66 

4.88 

5.95 

5.  55 

1 
.5.70  ' 

5. 45 

5. 78 

6.13 

5.13 

466 

426  ! 

8.41 

40 

2.16 

2.24  . 

2.41 

2.41 

2.  52 

2. 60 

2.04 

2.80 

2.66 

2.38 

LOO 

34 

2.69 

2.  65 

2.G4 

2.  66 

2.7X 

2.86 

2.86 

2.61 

2.47 

2.05 

LOO 

24 

1.84 

2. 12 

2.20 

2  06 

1.97 

2. 10 

1.96 

1.70 

1.68 

L54 

L48 

28 

3.07 

3.01 

3. 02 

3.01 

3.01 

2.87 

2.72 

2.60 

2.60 

2.34 

2.03 

26 

2.82 

2.  8l> 

2.70 

2.G8 

2.72 

2. 62 

2.63 

2.42 

2.84 

2.26 

LOO 

23 

2. 12 

2.  ('7 

2.  00 

1.08 

I.  01 

2.00 

1.92 

1.88 

1.78 

L60 

L68 

23 

2.28 

2.  2(5 

2.17 

2.  27 

2.24 

1.06 

1.93 

1.02 

L86 

L70 

L56 

24 

2.50 

2.  47 

2.44 

2. 32 

2.28 

2.  33 

2.13 

2.07 

2.00 

2.06 

L58 

21 

1.93 

1.90 

1.87 

1.87 

1.77 

1.77 

1.68 

1.68 

1.56 

L66 

L80 

20 

1.62 

1.62 

1.02 

1.  55 

1..W 

1.52 

1.46 

1.40 

L33 

L88 

L80 

20 

1.52 

1.40 

1.40 

1.30 

1.37 

1.41 

1.37 

1.41 

1.26 

L15 

LOS 

20 

1.71 

1.65 

1.62 

1.G2 

1.55 

1.55 

1.60 

L31 

LSI 

L38 

L17 

Keuis=28.4 

2.41 

2.48 

2.45 

2.  42 

2.40 

2.42 

2.82 

2.24 

8.U 

L87 

'     L70 
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FtHooUies  in  f  etper  second  at  ecuih  tenth  of  depths  ^c. — Continue^' 

STATION  7. 


>«pth. 

SarCMe. 

.1 

.3 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

Bottom. 

63 

5.18 

5.51 

5.70 

5.76 

5.17 

5.97 

5.94 

5.73 

4.53 

3.87 

8.20 

52 

5.85 

6.00 

5.02 

5.00 

4.63 

4.69 

4.86 

4.00 

4.23 

3.89 

2.48 

39 

2.58 

2.55 

2.61 

2.58 

2.62 

2.80 

2.78 

2.75 

2.74 

2. 28 

2.13 

27 

2.53 

2.72 

2.82 

2.81 

2.92 

2.88 

2.79 

2.62 

2.52 

2.40 

L96 

17 

2.00 

2.00 

1.02 

L98 

1.94 

1.96 

1.88 

1.78 

1.71 

].59 

1.55 

20 

2.79 

2.72 

2.69 

2.63 

2.67 

2.47 

2.47 

2.44 

2.31 

2.  25 

1.90 

17 

2.25 

2.22 

2.08 

2.10 

2.05 

2.05 

1.95 

1.92 

1.83 

1.67 

1.49 

14 

1.87 

1.88 

1.88 

1.00 

1.80 

L68 

1.73 

1.74 

1.66 

1.48 

1.49 

15 

2.09 

2.08 

2.06 

1.94 

1.94 

1.90 

1.89 

1.88 

1.85 

].67 

1.36 

16 

2.25 

2.25 

2.15 

2.10 

2.19 

2.03 

2.00 

1.90 

2.00 

1.71 

1.65 

14 

1.80 

L83 

1.86 

1.75 

1.71 

1.73 

1.75 

1.60 

1.46 

1.36 

1.27 

14 

1.46 

1.44 

1.37 

L33 

1.33 

1.35 

1.31 

1.23 

1.18 

1.01 

1.17 

U 

1.14 

L14 

L14 

1.11 

1.08 

1.11 

0.98 

0.98 

1.01 

0.95 

0.89 

14 

L37 

L87 

L31 

1.35 

1.37 

1.33 

1.31 

1.27 

1.24 

1.18 

Lll 

BS=23.8 

2.48 

2.48 

2.47 

2.45 

2.38 

2.42' 

2.40 

2.27 

2.16 

1.95 

L69 

STATION  8. 


23 

3.05 

8.05 

3.00 

2.95 

2.85 

2.80 

2.62 

2.72 

2.49 

2.20 

2.10 

31 

2.69 

2.72 

2.72 

2.78 

2.83 

2.97 

3.08 

2.89 

2.72 

2.58 

2.38 

21 

2.88 

2.91 

2.91 

2.85 

2.75 

2.60 

2.53 

2.44 

2.47 

2.15 

1.87 

10 

1.96 

1.96 

1.89 

1.87 

1.92 

1.90 

1.89 

1.97 

1.97 

1.83 

1.74 

16 

2.72 

2.69 

2.60 

2.46 

2.35 

2.49 

2.52 

2.31 

2.43 

2.26 

1.87 

10 

2.12 

2.12 

2.10 

2.06 

2.05 

2.06 

2.09 

2.00 

1.88 

1.  8.'> 

1.68 

9 

2.19 

2.08 

2.03 

2.04 

2.03 

1.90 

1.93 

1.92 

1.70 

1.58 

1.58 

10 

2.19 

2.19 

2.13 

2.09 

1.96 

2.12 

2.00 

2.07 

1.89 

1.95 

L58 

10 

2.25 

2.25 

2.22 

2.25 

2.09 

2.22 

2.22 

2.06 

1.87 

1.93 

1.90 

8 

1.93 

1.93 

L95 

1.94 

1.95 

1.86 

1.92 

1.79 

1.78 

1.70 

1.55 

7 

L39 

1.39 

1.38 

1.36 

1.36 

1.34 

1.34 

1.30 

1.23 

1.37 

1.11 

6 

1.14 

1.14 

L14 

1.14 

1.14 

1.04 

1.01 

LOl 

o.eo 

0.86 

0.86 

8 

1.42 

1.43 

1.42 

1.34 

1.37 

1.36 

1.26 

1.23 

1.15 

1.13 

l.Ol 

ii»=13.0 

2.15 

2.14 

2.11 

2.09 

2.05 

2.06 

2.03 

1.98 

1.88 

1.80 

1.63 

STATION  9. 


62 

5.29 

5.41 

5.02 

5.09 

5.00 

4.74 

5.04 

4.60 

4.10 

4.12 

2.76 

87 

4.70 

4.71 

4.  .59 

4.56 

4.47 

4.42 

4.02 

3.63 

3.57 

3.30 

2.50 

25 

2.89 

2.80 

2.83 

2.63 

2.60 

2.63 

2.  .57 

2.  25 

2.22 

1.96 

1.76 

27 

3.40 

3.38 

3.40 

3.10 

2  96 

2.83 

2.69 

2.49 

2.34 

2.30 

2.06 

21 

2.98 

2.88 

2.85 

2.85 

2.60 

2.63 

2.44 

2.41 

2.12 

2.19 

2.03 

10 

2.03 

2.03 

2.03 

2.03 

2.00 

2.03 

1.93 

1.93 

1.08 

1.81 

1.61 

14 

2.75 

2.68 

2.69 

2.58 

2.58 

2.53 

2.36 

2.20 

2.25 

2.23 

2.09 

10 

2.15 

2.15 

2.12 

2.07 

2.18 

2.06 

-  2. 13 

1.90 

1.91 

1.77 

1.90 

9 

2.09 

2.09 

2.06 

2.06 

2.01 

1.93 

1.81 

1.92 

1.75 

1.72 

1.30 

9 

2.15 

2.15 

2.11 

2.13 

2.18 

2.12 

2.08 

2.09 

1.97 

1.92 

1.77 

10 

2.34 

2.34 

2.24 

2.24 

2.14 

2.06 

2.02 

1.95 

1.94 

1.92 

1.61 

8 

2.00 

2.00 

2.01 

1.94 

1.90 

1.86 

1.80 

1.7.3 

1.70 

1.54 

1.49 

6 

1.49 

1.49 

1.48 

1.42 

1.42 

1.42 

1.41 

1.35 

1.33 

1.26 

1.11 

5 

1.33 

1.33 

1.33 

1.32 

1.29 

1.27 

1.19 

1.15 

1.15 

1.14 

1.01 

7 

1.49 

L49 

1.52 

1.46 

1.39 

1.33 

1.36 

1.36 

1.36 

1.20 

1.17 

DS=17.8 

2.60 

2.60 

2.55 

2.50 

2.45 

2.39 

2.32 

2.20 

2.09 

2.02 

1.74 

STATION  10. 


27 

3.62 

3.38 

3.25 

3.13 

2.98 

2.83 

2.60 

2.64 

2.35 

2.12 

LOl 

22 

3.01 

2.95 

2.84 

2.74 

2.66 

.   2.53 

2.55 

2.32 

2.32 

2.12 

1.84 

12 

2.03 

2.03 

2.01 

1.98 

2.13 

1.96 

1.98 

1.90 

1.78 

1.77 

L65 

11 

2.15 

2.16 

2.14 

2,14 

2.10 

2. 10 

2.07 

1.95 

1.86 

1.78 

1.58 

10 

2.12 

2.12 

2.12 

2.02 

1.88 

2.00 

1.93 

1.99 

1.90 

1.73 

1.81 

10 

2.19 

2.19 

2.21 

2,17 

2.  02 

2.06 

2.03 

1.87 

1.91 

1.75 

L68 

11 

2.34 

2.34 

2.28 

2.06 

2.15. 

2.19 

2.15 

2.09 

1.90 

1.81 

L74 

9 

2.03 

2.03 

2.08 

2.09 

2.00 

2.00 

1.90 

1.85 

1.84 

1.76 

1.68 

7 

L52 

1.52 

1.53 

1.57 

1.55 

1.55 

1.51 

1.45 

1.38 

1.29 

1.14 

6 

L30 

1.30 

1.30 

1.27 

1.23 

1.17 

1.22 

1.18 

1.12 

1.07 

1.04 

7 

L68 

1.66 

1.64 

1.59 

1.48 

1.52 

1.45 

L45 

1.38 

1.31 

Lll 

u=12.0 

2.18 

2.15 

2.13 

2.07 

2.01 

2.00 

1.94 

L88 

1.79 

1.68 

L56 

2698      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  tJ.  S.  ARMY. 
Velod^ea  in  feet  per  second  ai  each  tenih  of  depth,  4^ — Comtixiiied. 

STATION  11. 


Depth. 

Sarfftce. 

.1 

.2 

.8 

A 

.6 

.6 

.7 

.8 

.9 

BottOBk. 

28 

3.52 

3.37* 

8.26 

8.18 

3.03 

2.91 

2.76 

2.66 

2.36 

2.16 

I-    «l 

20 

2.69 

2.69 

2.64 

2.64 

2.67 

2.48 

2.89 

2.22 

2.22 

2.20 

L-  a 

12 

2.09 

2.09 

2.08 

2.03 

2.03 

2.08 

1.97 

L89 

1.85 

L78 

i_  « 

16 

2.66 

2.72 

2.76 

2.68 

2.86 

2.68 

2.69 

2.62 

2.41 

2.88 

^      19 

12 

2.41 

2.40 

2.30 

2.33 

2.29 

2.16 

2.18 

2.20 

L94 

2.06 

1 71 

11 

2.34 

2.34 

2.31 

2.31 

2.16 

2.25 

2.19 

2.15 

L96 

1.93 

M      _Sfl 

11 

2.16 

2.16 

2.12 

2.09 

2.25 

2.12 

2.09 

1.93 

L84 

1.96 

&.  .81 

12 

2.41 

2.40 

2.33 

2.31 

2.28 

2.20 

2.23 

2.04 

L91 

L90 

S.   -74 

10 

2.19 

2.19 

2.11 

2.09 

2.00 

2.06 

2.03 

L90 

L93 

1.89 

S.  .58 

8 

1.71 

J.  71 

1.69 

1.68 

1.62 

1.67 

L67 

L59 

1.49 

1.45 

^B_27 

7 

1.39 

L39 

1.40 

1.83 

1.34 

1.34 

1.26 

L18 

L19 

L17 

^■^.01 

8 

L74 

L76 

1.76 

1.69 

L69 

L65 

1.68 

L60 

1.43 

1.38 

:3^.8S 

Meaii8=13. 0 

2.28 

2.27 

2.23 

2.18 

2.17 

2.12 

2.09 

L98 

L88 

L85 

:3..« 

STATION  12. 


41 

28 

29 

17 

13 

12 

12 

14 

11 

9 

8 

9 


Mean8=17. 0 


4.65 
2.78 
3.30 
3.17 
2.37 
2.50 
2.21 
2.60 
2.22 
1.71 
1.55 
1.90 


2.59 


4.60 
2.73 
3.24 
3.13 
2.37 
2.50 
2.32 
2.61 
2.22 
1.71 
1.51 
1.90 


4.50 
2.71 
3.07 
3.06 
2.41 
2.44 
2.37 
2.50 
2.22 
1.79 
1.54 
1.87 


2.66      2.54 


4.48 
2.51 
2.89 
3.07 
2.38 
2.47 
2.28 
2.46 
2.28 
1. 75 
1.41 
1.78 


2.48 


4.27 
2.61 
2.73 
2.98 
2.30 
2.34 
2.21 
2.6L 
2.25 
1.72 
1.36 
1.68 


2.40 


3.84 
2.46 
2.61 
2.91 
2.28 
2.12 
2.15 
2.42 
2.22 
1.58 
1.36 
1.62 


2.30 


8.91 
2.38 
2.48 
2.89 
2.28 
2.03 
2.20 
2.33 
2.12 
L64 
1.42 
1.68 


2.26 


8.79 
2  16 
2.89 
2.72 
2.16 
2.16 
2.16 
2.84 
1.96 
1.64 
L86 
L6tt 


2.20 


8.58 
2.06 
2.23 
2.62 
2.00 
2.00 
2.06 
2.13 
2.08 
1.68 
L37 
L62 


2.11 


8.16 
1.90 
2.08 
2.53 
2.05 
2.09 
1.92 
2.02 
1.84 
1.87 
1.22 
1.62 


L97 


2.28 
1.6S 

».« 
2.19 


..  "y* 


STATION  18. 


82 
31 
21 
14 
14 
13 
14 
11 
9 
9 
10 


Mean8=]6. 2 


3.47 

3.40 

3.24 

3.18 

2.79 

2.75 

2.28 

2.25 

2.69 

2.67 

2.37 

2.38 

2.75 

2.72 

2.31 

2.31 

1.00 

1.90 

L55 

1.62 

1.93 

1.93 

2.48 


2.46 


3.48 
2.99 
2.76 
2.19 
2. 70 
2.30 
2.56 
2.34 
1.84 
1.49 
1.93 


2.42 


3.42 
2.83 
2.69 
2.15 
2.63 
2.35 
2.59 
2.34 
L87 
1.49 
1.87 


3.19 
2.70 
2.66 
2.13 
2.55 
2.32 
2.59 
2.28 
1.78 
1.42 
L83 


8.27 
2.61 
2.67 
2.06 
2.60 
2.22 
2.47 
2.25 
1.72 
1.50 
LOO 


2.38       2.31  I    2.28 


8.14 
2.41 
2.60 
2.07 
2.67 
2.20 
2.46 
2.31 
1.71 
1.39 
1.79 


2.28 


2.99 
2.19 
2.37 
2.06 
2.45 
2.15 
2.36 
2.09 
1.62 
L28 
L78 


2.12 


2.70 
2.06 
2.16 
2.00 
2.26 
2.00 
2.21 
2.12 
L58 
1.17 
1.74 


2.00 


2.67 
1.81 
2.12 
L96 
2.15 
L82 
2.08 
1.03 
L46 
1.24 
L66 


1.89 


STATION  14. 


42 
31 
21 
14 
14 
13 
12 
13 
14 
11 
10 
8 

MeRns«17. 0 


4.19 

4.18 

4.15 

3.24 

8.14 

2.99 

2.91 

2.95 

2.82 

2.34 

2.35 

2.32 

2.31 

2.31 

2.27 

2.85 

2.83 

2.73 

2.41 

2.39 

2.27 

2.66 

2.67 

2.60 

2.63 

2.60 

2.49 

2.50 

2.50 

2.44 

2.03 

2.03 

2.00 

L65 

L56 

L61 

2.64 

2.63 

2.56 

8.87 

3.96 

3.85 

3.40 

2.73 

2.70 

2.57 

2.32 

2.79 

2.66 

2.57 

2.47 

2.25 

2.16 

2.15 

2.13 

2.25 

2.22 

2.12 

2.05 

2.64 

2.60 

2.58 

2.49 

2.33 

2.32 

2.31 

2.32 

2.53 

2.54 

2.44 

2.86 

2.52 

2.54 

2.52 

2.44 

2.31 

2.22 

2.19 

2.19 

1.09 

1.93 

2.00 

1.87 

1.53 

1.50 

L42 

L47 

2.48 

2.46 

2.39 

2.29 

8.64 
2.32 
2.84 
2.09 
2.02 
2.47 
2.16 
2.36 
2.29 
L96 
L85 
L41 


2.26 


8.80 
2.09 
2.16 
1.94 
1.92 
2.86 
2.02 
2.39 
2.07 
1.93 
L88 
1.46 


2.12 


2.81 
1.81 
L90 
L81 
1.76 
2.17 
1.86 
2.22 
L94 
L77 
L78 
1.84 


L89 
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Veiodties  w  feet  per  8ea>nd  at  ecLch  tenth  of  depth  j  ^c. — Continued. 

STATION  15. 


Beptli. 


57 
33 
22 
16 
16 
14 
15 
16 
15 
12 
11 
10 
11 

ans=19.0 


Snr&ce. 


4.99 
2.96 
2.53 
2.19 
2.6G 
2.37 
2.66 
2.66 
2.63 
2.41 
1.87 
1.58 
2.06 


2.58 


.1 


4.03 
2.86 
2.61 
2.16 
2.64 
2.36 
2  61 
2.63 
2.62 
2.40 
1.87 
1.58 
2.06 


2.57 


.2 


4.50 
2.76 
2.49 
2.09 
2.57 
2.28 
2.54 
2.63 
2.  CO 
2.32 
1.93 
1.61 
2.04 


2.49 


.3 


4.86 
2.77 
2.43 
2.04 
2.  50 
28 
49 
64 
2.  51 
2.24 
1.87 
1.61 


2. 
2. 
2. 


2.09 


.4 


5.10 
2.72 

1.96 
2.44 
2.21 
2.41 
2.63 
2.36 
2.24 
1.87 
1.57 
2.07 


2.  49       2. 45 


1 

1 

.5 

1 

.6-' 
4.65 

.7 

.8 

.9 

Bottom. 

4.57 

4.42 

3.79 

3.63 

2.86 

2.01  1 

2.43 ; 

2.19 

2.02 

1.80 

1.30 

2.25  1 

2.14  , 

1. 85 

1.85 

1.59 

1.11 

2.01  , 

1.93 

1.88 

1.81 

1.70 

1.58 

2.42 

2.41 

2.20 

2. 12 

1.94 

1.84 

2.  26 

2.  23 

2.20 

1.19 

2.04 

1.87 

2.44 

2.44 

2.42 

2.  25 

2.22 

1.61 

2.  5  J 

2.53 

2.  42 

2.41 

2.05 

2. 06 

2.34 

2.35 

2.33 

2. 22 

2.05 

1.81 

2.16 

2.08 

2.  02 

1.94 

1.93 

1.74 

1.93 

1.77 

1  74 

1.74 

1.49 

1.30 

1.39 

1.46 

1.47 

1.47 

1.34 

1.27 

2.  03 

1.93 

1.75 

1.77 

1.79 

1.62 

2.38 

2.  33 

2.22 

2. 12 

1.97 

1.60 

STATION  16. 


35 

3.18 

25 

2.31 

19 

1.96 

21 

2.72 

18 

1.96 

18 

2.22 

18 

2.44 

18 

2. 25 

15 

2.12 

13 

1.77 

12 

1.49 

12 

1.80 

ui8=18.7 

2.18 

3.03 
2.30 
1.90 
2. 75 
1.99 
2.20 
2.37 
2.  25 
2.11 
1.77 
1.48 
1.86 


2.88 
2.29 


89 
69 
94 


2.20 


2. 
2. 


33 
13 
2.04 
1.74 
1.38 
1.73 


2.62 
2.21 
1.83 
2.  60 
1.90 
2.21 
2.34 
2.18 
2.03 
1.72 
1.37 
1.81 


2.55 
2.13 
1.78 
2.60 
1.97 
2.08 

O    91 

tea     ^Y 

10 


2.38 
2.  03 


2. 
J. 
1. 
1. 
1. 


90 

GH 
38 
71 


77 
57 
90 
14 
20 
2. 02 
1.93 
1.68 
1.32 


STATION  17. 


3.90 
2.08 
1.72 
1.41 
2.  27 
1.28 
2.00 
1.93 
1.70 
1.43 
1.09 
1.06 


3.40 

3.28 

1.92 

J.  75 

1.75 

1.60 

1.45 

1.38 

2.12 

2.14 

1.32 

1.27 

1.85 

1.96 

1.89 

1.77 

1.60 

1.56 

1.37 

J.  25 

1.10 

1.14 

1.60 

1  52 

'     1.78 

1.72 

1.92 
1.69 
2.  37 
70 
99 
08 
97 
91 
G5 
HI 


?. 
1. 
2. 
l! 
1. 
1. 
1 


1.90  i     1.82 


2.17  ;     2.10       2.07       2.01       1.99       1.89 


2.02 
1.84 
1.65 
31 
74 
90 
06 
1.84 
1.80 
1.54 
1.27 
1.62 


1.80 


3.10 
1.00 
1.  52 
1.26 
2.02 
1.24 
1.94 
1.75 
1.37 
1.19 
1.02 
1.45 


3.01 
1.40 
1.40 
1.23 
1.90 


1.32 
1.79 
1.65 
1.31 
1.12 
0.90 
1.41 


MEAN  VALUES  OF  STATION  MEANS. 


1.94 
1.71 

2.  15 
1.58 
79 
1.92 
1.73 
1.73 
44 
18 
46 


1 


1.58 

1.08 

1.42 

1.17 

1.47 

1.24 

2.03 

1.71 

1.40 

1.  24 

1.60 

1.52 

1.82 

1.43 

1.07 

1.36 

1.58 

1.42 

1. 35 

1.20 

1.12 

1.01 

1.  05 

1.42 

1.68  I     1.56 


2.44 
1.39 
1.34 
1.41 

2.o:> 

1.24 
1.71 
1.50 
1.19 
1.08 
0.77 
1.40 


1.32 


1.80 

L21 

1.27 

1.05 

1.25 

0.89 

1.33 

1.14 

1.08 

1  46 

1.09 

0.86 

1.62 

1..55 

1.29 

0.89 

1.24 

1.01 

1.00 

0.79 

0.84 

0.76 

1.22 

1.24 

1.62  ;     1.54       1.46 


1.33 


1.07 


fc»tion 
No. 

Surface. 

.1 

.2 

! 

.3 

•4 

.5 
1.42 

.6 

.7 
1.37 

.8 

.9 

Bottom. 

1 

1.43 

1.43 

1 

1.46  1 

1.46 

1.43 

1.38 

1.32 

1.24 

1.06 

2 

1.91 

1.94 

1.99 

2.02 

1.99 

1.96 

1.89 

1.81 

1.69 

1.54 

1.26 

8 

2.38 

2.41 

2. 42 

2.44 

2.40 

2.  3.-. 

2.29 

2.18 

2.04 

1.88 

1.51 

4 

2.71 

2.75 

2.77 

2.70 

2.69 

2.69 

2.70 

2.48 

2.42 

2.15 

1.58 

5 

2.63 

2.56 

2.55 

2.57 

2.58 

2.54 

2.49 

2.42 

2.26 

2.03 

1.62 

6 

2.41 

2.48 

2.45 

2.42 

2.40 

2.  42 

2.32 

2.24 

2.11 

1.97 

1.70 

7 

2.48 

2.48 

2.47 

2. 45 

2.38 

2.42 

2.40 

2.27 

2.16 

1.95 

1.69 

8 

2.15 

2.14 

2.11  1 

2.09 

2.  05 

2.06 

2-03 

1.98 

1.88 

1.80 

1.63 

9 

2.60 

2.60 

2.m 

2.50 

2.  45 

2.39 

2.32 

2.  20 

2.09 

2.02 

1.74 

10 

2.18 

2.15 

2.13 

2.07 

2.01 

2.00 

1.94 

1.88 

1.79 

1.08 

1.66 

11 

2.28 

2.27 

2.23 

2.18 

2.17 

2.12 

2.09 

1.98 

1.88 

1.  85 

1.65 

12 

2.59 

2.56 

2.54 

2.48 

2.40 

2.30 

2  26 

2.20 

2.11 

1.97 

1.76 

13 

2.48 

2.46 

2.42 

2.38 

2.31 

2.28 

2.23 

2. 12 

2.00 

1.89 

1.69 

14 

2.64 

2.63 

2.  56 

2.48 

2.45 

2.39 

2.29 

2.26 

2.12 

1.89 

1.66 

15 

2.58 

2.57 

2.49 

2.49 

2.  45 

2.38 

2.33 

2.  22 

2.12 

1.97 

1.69 

16 

2.18 

2.17 

2.10 

2.07 

2.01 

1.99 

1.89 

1.80 

1.68 

1.56 

L82 

17 

1.92 

1.88 

1.88 

1.87 

1.78 

1.72 

L62 

1.54 

L46 

L33 

L07 

I«anB» 

2.33 

2.32 

2.30 

2.27 

2.23 

2.20 

2.15 

2.06 

1.95 

1.81 

L64 
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VBAS  VALUES  OF  ALL  0BSERTATI0N8. 


2.— C01.XIMBD8,  Kentucky. 
BaHngt  of  netarf  lucd  a,t  CaliaA—,  Ky. 


Apr.  sn 
M»y  IT 
May  na 
Janr  ID 
July  11 

A  OK.   fl 

AUB.a3 

Sept  10 


BOSK    o.nneo 


u.yme    1.  iTft-a.DM       Dd. 


cmmI  ilho— s.a 


SLOM        Do. 


tUeter  in  bad  candition 


I  Hetw  in  mod  oondJUoM. 


0. 868     1. 1G3     1. 500 


S2.0 
(7.6 
3i.*0 

3.182  j  2. 500 

oisosi  i!iw« 

21470 

a.«30 

LSSO 

3.806  U.  080 
3.585^2.075 

L*3o '  i:«» 

2:700.3;  MO 

i!oot|];5w 

2!  ISO 

s.ots 

1,025 

I.72J 
1.830 
MOD 
LIM 

.»,.-,.>,„ 

2.  SOS  1  2.420 
1 

'"h- 

l.W» 

1.741 

LUl 
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VeleeiUet  infeetp^r  teeand  at  each  tenth  of  depth  j  fo. — Con  tinned. 

STATION  8. 


Depth. 

SnrfiMO. 

.1 

.2 

.8 

.4 

.5 

.6 

.7 
4.675 

.8 

.9 
4.050 

Bottom. 

72.0 

4.231 

4.977 

5.020 

5.225 

5.160 

5.268 

4.870 

4.752 

3.8i3 

eo.5 

4.472 

4.978 

4.820 

4.785 

4860 

4.914 

4.780 

4.663 

4.475 

3.745 

3.829 

6&0 

4.663 

5.060 

5.010 

5.020 

5.065 

4.979 

4  872 

4.575 

4  775 

4180 

8.329 

70.0 

3.771 

4.630 

4.979 

5.040 

4.914 

4.914 

4.971 

4.^53 

4.390 

4  080 

3.519 

66.5 

3.836 

4.490 

4.603 

4.626 

4.598 

4.480 

4.310 

4.200 

4.025 

4  090 

3.138 

62.0 

3.301 

4.030 

4.210 

4.126 

4.075 

8.953 

8.718 

3.640 

S.  240 

2.450 

2.225 

62.0 

3.329 

4.120 

4.380 

4.570 

4.720 

4.630 

4.535 

4.  520 

4.250 

3. 7(»0 

8.645 

66.0 

4.090 

4.300 

4.185 

4.630 

4.970 

4.700 

4.471 

4.290 

4.325 

3.500 

2.884 

09.0 

2.823 

3.394 

8.535 

&727 

8.760 

3.709 

3. 825 

3.820 

3.520 

3.070 

2.813 

62.0 

8. 454 

3.660 

4.216 

4.425 

4.370 

4. 475 

4.400 

4.  030 

3.730 

3.175 

2.823 

6L5 

2.512 

2.630 

2.740 

2.845 

2.950 

2.975 

2.830 

2  662 

2.660 

2.835 

1.643 

42.0 

L759 

1.840 

1.910 

1.936 

1.936 

1.975 

1.940 

1.840 

1.609 

1.365 

1.049 

36.0 

0.770 

1.0?0 

1.310 

1.320 

1.425 

1.368 

1.380 

1.420 

1.325 

1.150 

1.012 

'64.0 

1.416 

1.550 

1.550 

1.575 

L550 

1.440 

1.450 

1.390 

1. 285 

1.175 

1.122 

a:is=58.6 

8.173 

8.696 

8.751 

8.846 

3.882 

8.841 

a  739 

3.606 

3.461 

3.005 

2.562 

STATION  4. 


73.0 

4  491 

4  900 

5.240 

5.225 

5.173 

5.150 

4  860 

4410 

4  680 

8.780 

8.716 

74  0 

4297 

4  960 

5.310 

5.140 

5.  225 

5.074 

4  990 

4  750 

4  760 

4  345 

8.398 

65.0 

3.740 

4  370 

4  538 

4  675 

4  640 

4  440 

4  475 

4  330 

4  040 

3.800 

8.112 

66.0 

3.  594 

4.484 

4  410 

4  335 

4  475 

4  419 

4  280 

4140 

4  025 

3.800 

2.962 

69.0 

3.658 

4  510 

4  575 

4  740 

4  690 

4.  7.30 

4  500 

3.900 

3.733 

3.467 

3.404 

66.5 

3.849 

4  0.30 

4  575 

4  770 

4  865 

4.050 

4860 

4  470 

3.860 

3.460 

2.453 

73.0 

4. 335 

5. 330 

5.790 

5.825 

5.820 

5.500 

5.P90 

5.390 

4  960 

4  600 

4  294 

6ao 

3.901 

4  789 

5.010 

5. 227 

5.090 

4.853 

4  730 

4  325 

4  216 

4  025 

3.455 

65.0 

3.301 

4  130 

4  430 

4  600 

4  031 

4  506 

4  320 

4. 000 

3.873 

3.  l.'VO 

2.540 

6&0 

3.555 

4. 920 

4  777 

4557 

4  930 

4  930 

4  880 

4  740 

4150 

3.770 

8.491 

70.0 

4.  S.'Jo 

4  977 

5.  020 

5.000 

5.410 

5.325 

5.357 

5.045 

4. 725 

4.  .550 

8.900 

63.0 

3.454 

3.970 

4  375 

4;  330 

4  330 

4  380 

4150 

3.860 

3.770 

2.375 

2.313 

67.0 

1.8f4 

2.570 

2.  700 

2.820 

2.880 

2.775 

2.675 

2.580 

2.525 

2.000 

1.227 

53.0 

2.114 

2. 465 

2.575 

2.630 

2.646 

2.610 

2.475 

2. 320 

2.085 

1.830 

1.638 

45.0 

1.980 

2.22U 

2.270 

2.055 

2.120 

2. 240 

2. 172 

2.025 

1. 825 

1.430 

1. 142 

na— 65.0 

3.514 

4  219 

4  373 

4  402 

4. 462 

4  392 

4  288 

4  019 

3.815 

3.325 

2.869 

STATION  5. 


75.0 

4  229 

4  660  ;  4  895 

4  864 

5.100 

5.000 

4  868 

4  674 

4  660 

4  075 

3.726 

75.0 

5.742 

6.490 

6.225 

6.123 

5.655 

5.780 

5.660 

4.789 

4.155 

5.290 

4  407 

60.0 

4  661 

4  880  ;  5. 125 

5.  075 

5. 250 

4  880 

5. 125 

4.  920 

4.520 

4  470 

4  090 

60.0 

4  025 

4.  520  i  4. 725 

5.  010 

4.  920 

4  770 

4  630 

4  345 

4  190 

4  120 

3.394 

63.0 

3.084 

2.  925 

3.075 

3.215 

3.  225 

3.000 

2.650 

2.530 

1.890 

*1.600 

*1.  400 

60.0 

1.936 

2. 180 

2.180 

2.  250 

2.325 

2.290 

2.180 

2.  040 

1.880 

1.640 

1.344 

65.0 

1.647 

2.350 

2.  S.'iO 

2.210 

2.  275 

2.  245 

2. 245 

2.225 

2.  020 

1.875 

1.350 

49.0 

1.607 

1.725  !  1.840 

1.670 

1.765 

1.724 

1.715 

1.590 

1.489     1.300 

1.073 

47.0 

L948 

2.070  1  2.278 

2.  230 

2  090 

2. 125 

2.140 

2.068 

1.825     1.425 

1.005 

nsss6L8 

3.209 

3.533 

3.633 

3.627 

3.623 

3.5.35 

8.457 

3.242 

2.959 

2.806 

2.421 

*  Interpolated. 
STATION  6. 


65.0 

6ao 

62.5 
64.0 
51.5 

2.720 
1,876 
2.037 
2.066 
1.845 

3.380 
2.375 
2.360 
2.  COO 
1. 820 

3.325 
2.408 
2.550 
2.565 
1.845 

3.355 
2.525 
2.425 
2.660 
1.670 

3.324 
2.470 
2.380 
2.685 
1.740 

3. 250 
2.585 
2.270 
2.640 
1.728 

2.970 
2.560 
2.380 
2. 520 
1.650 

2.980 
2.260 
2.170 
2.535 
1.007 

2.740 
1.995 
2.175 
2.290 
1.450 

2.375 
1. 725 
1.875 
1.995 
1.220 

2.052 
1.585 
1.693 
1.708 
L073 

]is=60. 6 

2.109 

2.507 

2.539 

2.527 

2.520 

2.495 

2.416 

2.310 

2.130 

1.838 

1.622 

STATION  7. 


66.0 

3.084 

8,320 

3.580 

8.560 

8.567 

8.630 

8.426 

8.150 

8.800 

2.770 

2.176 

64.0 

2.231 

2.702 

2.702 

2.725 

2,785 

2.823 

2.726 

2.650 

2.680 

2.026 

1.686 

63.0 

1.887 

2.275 

2.600 

2.450 

2.660 

2.542 

2.625 

2.850 

2.276 

2.030 

L708 

57.0 

1.887 

1.980 

1.950 

L995 

2.005 

1.950 

L830 

1.770 

L720 

L640 

L049 

.•VJ.  0 

1.489 

1.600 

1.783 

1.760 

L785 

1.718 

1.667 

1.667 

L670 

1.100 

0.806 

5S.0 

L714 

1.950 

2.008 

2,008 

2.090 

2.U0 

2.060 

L966 

L868 

1.627 

L188 

DflsOO.  2 

2.049 

2.804 

2.437 

2.416 

2.482 

2.446 

8.872 

2.240 

2.286 

L849 

L48S 
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Velocities  in  feet  per  second  at  each  tenth  of  depth,  fo, — Oontinned. 

STATION  8. 


Depth, 


71.0 
(HJ.0 
«'..  0 
«L».  0 
r.Q.  5 
.V.  0 
57.0 


Moaii8=62.  6 


Surfnoe. 


2.&6U 
3. 201 
2. 2(iH 
2.  inw> 
1.(147 

1 .  ri7o 

1.72t 


.1 


3. 400 
3. 430 
2.  «.')0 
2. 2:;o 
2.  ur»o 

1.8G0 
l.h75 


2.107 


o 

•    mm 

.3 

.4 

.6 
3.749 

.6 
3.756 

.7 

.8 

.9 

Bottom. 

3.  024 

3.780 

3.650 

8.580 

8.400 

2.700 

2.415 

3.  :ioo 

3.310     3.25<» 

3.185 

3.  201 

3.200 

2.768 

2.285 

2.124 

2. 7ri.-, 

2. 7H5     2.  701)     2.  665 

2.665 

2. 67U  ,  2. 430 

2.305 

2. « :i7 

2. 450 

2. 400     2.  253     2.  302 

2.  230 

2.123     2.040 

1.820 

l.fM 

2. 1H4 

2.  184     2.130  I  2.040 

2. 123 

2.  OO.'i 

1.060 

1.838 

1.  r.2» 

1.970 

1.960  1  2.057     2.080 

2.057 

1.930 

L975 

1.520 

l.L'Oi 

1.945 

1.950  1  1.985  :  2.023 

1.065 

1.025     1.724  '  1.515 

1. 429 

2.G04 

2.624 

2.575 

2.578 

2.  571 

2.476  .  2.328 

i 

2.036 

1. 761 

STATION  9. 


70.0 

3.  324 

3. 825 

66.0 

3.  021 

3.  (-or, 

.•W.0 

1.601 

1.880 

56.0 

1.771 

2.035  j 

Mi«an8=62. 5 

2. 452 

2.  709 

4. 150 
3.  2.5 
2.  OaO 
2.  210 

2.  909 


4.270 
3. 305 
2.181 
2.  300 


4. 220  I  4. 130 

3.  360  3.  319 

2.  280  2.  325 

2. 302  ;  2.  250 


4. 150 
3.260 
2. 230 
2.  26*, 


3.  029  I  3.  041     3.  006  I  2. 976 


3.725 
8. 230 
2. 075 
2.335 

8.475 
8.020 
1.936 
2.3U) 

8.280 
2.800 
1.750 
1.960 

2.841 

2.698 

2.435 

STATION  10. 


62.0 

2.  002 

3.218 

3.  200 

3.  275 

3.  345 

3.475 

57.  0 

1.887 

2.  f»«MI 

2.  4r»o 

2.  3(i4 

2.  480 

2. 4t;o 

(>2.  0 

2. 123 

2.  0(!i) 

3.  120 

3.  040 

3. 140 

3.  080 

r>H.  0 

1.8^7 

2.11.-, 

2.  22i» 

2.  245 

2.  205 

2.  245 

57.  0 

2.  057 

2. 175 

2.  3L'i) 

2.:{lo 

2.  3(54 

2.  21^ 

5«.  0 

1.771 

2.  ('(K) 

2.  240 

2.  230 

2.  181 

2.  2.'5 

57.  0 

1.G54 

1.870 

1.835 

1.946 

2.068 

2.068 

Mon 

LnH=n8.  4 

2.  00(i 

2.405 

2. 4sm 

2. 487 

2.  554 

2.543 

3.420 

3.260 

2.875 

1 
2.640  1 

2.510 

2.  542 

2.400 

2.230  1 

2. 820     2. 860 

2.690 

2.880 

2.006 

2.080 

1.040 

1.710 

2.  302 

2. 075 

1.960 

1.691 

2.260 

2.110 

2.000 

1.700 

2.008 

1.885 

1.695 

1.360 

2.475 

2.402 

2.223 

1.957 

STATION  11. 


00.0 
72.  0 
(M.O 

r)(».  5 
r}Ci.  0 

55.  0 
51.  0 

Mmii)h=59.  G 


4.  050 
4.  •J04 


•» 


540  '  3.021 
14H  ,  2.480 


4.  870  :  4.  825 
4.80O  I  4.710 
3.310 
2.  450 


1 .  705 
1.8^7 
1.714 


2.  30J 
2.318 
2.100 


2.  200 
2.  370 
2.184 


4.  6.",7 
4.  080 
3. 3.-K) 
2. 440 
2  481 
2.424 


4. 720 
4.680 
3.  440 
2.  (J30 
2.  512 
2.  (503 


4.805 
4. 730 
3.  330 
2.  440 
2.  405 
2.  525 


2. 184  I  2.  225 


4.450 
4.  330 
3.  250 
2.310 
2. 520 
2. 424 
2.184 


2.G28  I  3.127  :  3.105     3.224 


3.  2.',6  I  3. 221  I  3. 071 


60.0  , 
(57.  0 
(U).  0 
«ii.  5 
.')5.  0 
52  0 
51.  (»  1 
50.0  j 
38.0  . 

Mi'iiHH=5.').  8 


3.  IHi4 
4.174 
3.  021 
2.  720 
0U« 
001 
508 
714 
771 


STATION  12. 


4.518 
4. 4.-0 
3  070 
2.  870 
2.4:>0 
2.  040 
2.  020 
2.  07.') 


4.  520 
4.  537 
3.  (»70 
3.  (;70 
2.  .->00 
2.  1 10 
2.  110 
2.184 


4.700     4.630 


1.040  j  2.070 


4.  537 
3.  070 
3. 140 
2.  585 
2.  280 
2.  080 
2.  (KH) 
2.110 


4.  525 

3.  118 

3. 140 

2.  G30 
•»  •>»,."» 

'I  119 
2.  035 
2.  080 


4.835 
4.  550 
3. 170 
3. 140 
2.600 
2.  270 
2.119 
2. 335 
2. 180 


2.  514  2.  827  2.  021  2.  95G  i  2.  945  i  3.  029 

I 


STATION  ]3. 


64.0 

69.0 

66.0 

65.0 

55.0 

60.0 

54.0 

53.0 

3.901 

4.217 

3.  835 

4.150  : 

2.  770 

3.480 

2. 720 

3.000 

1.541 

1.930 

2.066 

2.520 

1.753 

1.C75 

1.637 

1.925 : 

Mi':n'   -60.8 


4.180 
4. 150 
3. 420 
2.810 
2.025 
2.  030 
1.830 
2.010 


2.  .'17  '  2.  •<•._•     2.  882 


3. 950 

8.020 

3. 655 

3.  925 

3.  925 

4.070 

3.530 

3. 625 

3.560 

2. 810 

2.  750 

2. 781 

1.920 

1.904 

2.  020 

2.420 

2.425 

2.280 

2.035 

2.  057 

2.057 

2.  030 

2.  0G3 

2.035 

•J.  .-'8 

2. '.  .<: 

_'.807 

3.650 
3.850 
3.355 
2.656 
1.920 
2  385 
2.057 
2.008 


3.645 
3.680 
3.360 
2.601 
1.805 
2.302 
1.878 
2.190 


3.820 
a  180 
a430 
2.170 
1.075 
2. 120 
LOOl 
L030 


2.734  j  2.088 


2.503 


&450 
2.890 
8.350 
2.008 
1.720 
LOOO 
1.045 
L778 


S.801 


2.597 
2.304 
1.508 
1.477 


1.97i 


2.361 
2.060 
2.(KI5 
l.:t50 
1.449 
1.410 
0.^:85 


1.647 


4.294 

4.85D 

8.880 

2.902 

4.500 

4.370 

3.525 

2.720 

3.120 

3.140 

2.740 

2.512 

2.425 

2.220 

2L240 

2.148 

2.330 

2.861 

2.120 

1.617 

2.630  ,  2.455 

2.219 

1.887 

2.  It^  .  2.  050 

1.826 

1.891 

3.069  1  2.902 

1 

2.649 

2.244 

;  4.690 

4.475 

3.950 

8.750 

8.S35 

4.070 

8.876 

3.350 

2.830 

8.022 

3.201 

3.0:iO 

2.770 

2.775 

3.512 

3.140 

2.980     2.920 

2.090 

1.701 

2.620 

2.665  :  2.050 

2.380 

2L005 

:  2. 180 

2.  a57     1. 815 

1.810 

J.082 

1.998 

1.925 

L920 

1.920 

1.753 

2.  410 

2.260 

2.100 

1.840 

1.714 

2.068 

2.005     1.891 

1.760 

1.416 

:  2.931 

2.808 

2.690 

2.410 

2.  in 

S.4S7 
&0U 
2.S95 
1.884 
1.641 
1.8M 
1.825 
1.0M 


1.989 


APPENDIX  WW REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     2703 

Velooiiiet  in  feet  per  second  at  each  tenth  of  depths  ^-c, — Continued. 

STATION  14. 


Depth. 

Sarface. 

.1 

2 

.3 

.4 

.5 

.6 

.7 

.8 

1 — 

.9 

Bottom. 

63.0 
59.0 
41.0 
38.0 

3.009 
3.645 
1.190 
1.062 

3.880 
3.9G4 
1.  550 
1.413 

4.090 
3.775 
1.785 
1.416 

4.190 
3.870 
1.770 
1.380 

4.030 
4. 025 
1.690 
1.  325 

4.045 
4.060 
1. 720 
1.380 

4.145 
3.815 
1.670 
1.450 

4.217 
3.600 
1.543 
1.438 

2.700 

4.118 
3.175 
1.  520 
1.416 

3.900 
3.100 
1.518 
1.250 

2.437 
2.503 
1.429 
0.885 

Meaiis=50. 2 

2.227 

2.702 

2.767 

2.803 

2.768 

2.801 

2.770 

2.557 

2.442 

1.814 

MEAN  VALUES  OF  STATION  MEANS. 


No.  of 
station. 

Surface. 

.1 
1.163 

.2 

.3 

.4 
1.610 

.5 

.6 

.7 

.8 

:, 

Bottom. 

1 

0.868 

1.506 

1.589 

1.631 

1.620 

1.558 

1.374 

1.055 

0.868 

2 

2.023 

2.235 

2.293 

2.  306 

2.420 

2.403 

2.398 

2.155 

1.939 

1.741 

1.441 

3 

8.173 

3.690 

3.751 

3.846 

3.882 

3.841 

3.739 

3.606 

3.461 

3.005 

2.562 

4 

3.514 

4.219 

4.373 

4.402 

4. 462 

4.302 

4.288 

4.019 

3.815 

3. 325 

2.869 

5 

3.209 

3.533 

3.633 

3. 627 

3.  623 

3.535 

3.457 

3.242 

2.959 

2. 866 

2.421 

6 

2.109 

2.507 

2.539 

2. 527 

2.  520 

2. 495 

2.416 

2.310 

2.130 

1.838 

1.622 

7 

2.049 

2.304 

2.437 

2.416 

2. 482 

2.446 

2.372 

2.240 

2.236 

1.849 

1.433 

8 

2.197 

2.512 

2.604 

2.  6*24 

2.  575 

2.578 

2.571 

2.476 

2  328 

2.0.36 

1.761 

9 

2.452 

2.709 

2.9U9 

3.029 

3.  041 

3.  006 

2.976 

2.841 

2.  698 

2.435 

1.972 

10 

2.006 

2.405 

2.496 

2.487 

2.  554 

2.  W3 

2. 475 

2.402 

2. 223 

1.957 

1.647 

11 

2. 628 

3. 127 

3. 165 

3.  224 

3.  256 

3.221 

3.071 

3.069 

2.  992 

2.649 

2.244 

12 

2.514 

2.827 

2.921 

2. 956 

2.  945 

3.  01:9 

2.931 

2.808 

2.596 

2.416 

2.177 

13 

2.517 

2.862 

2.882 

2.  828 

2.796 

2.807 

2.  734 

2.683 

2.503 

2.361 

1.989 

14 

2.227 

* 

2.702 

2.767 

2.803 

2.768 

2.801 

2.770 

2.700 

2.  557 

2.442 

1.814 

Meiaiis=: 

2.392 

2.772 

2.877 

2.905 

2.924 

2.909 

2.844 

2. 722 

2.558 

2.284 

1.916 

MEAN  VALUES  OF  ALL  OBSERVATIONS. 


MeuiB  = 


2.665 


3.077 

3.178 

3.205 

3.227 

3.204 

3.126 

2.988 

2.818 

2.519 

2.13C 


Transverse  velocities  observed  in  bend  above  Columbus^  Ey.j  at  each  twentieth  of  surface  width 

7  feet  beneath  surf  ace. 


One-twentieth 

Two-twentietli8 

Three-twentietbB 

Foar-twenti(;th8 

Five -twentieths 

Slx-twentiethR 

Seven-twentieths 

Sight-twentieths  —  . 

Nino- twentieths 

Ten -twentieths 

Eleven-twentieths 

Twelve-twentieths . . . 
Thii  teen-twentieths. . 
Ponrtoen-twentieths  . 
Pif t  een-twent  ieths . . . 
Sixteen- twentieths. . . 
Seventeen-twentieths 
Eishteen-twentieths  . 
Nmeteen-twentieths  . 


1882. 


CO 


5.920 
6.080 
6.191 
6.260 
6.280 
5.950 
5.384 
5.330 
5.350 
5. 425 
5.550 
5.675 
5.750 
5.400 
4.676 
3.425 


3.742 
4.220 
4.280 
4.560 
4.680 
4.750 
4.810 
4.730 
4.350 
4.230 
4.285 
4.375 
4.190 
4.420 
4.550 
4.650 
3.100 


4. 
5. 
5. 
5. 
5. 
5. 


890 
290 
420 
550 
690 
775 
5.850 
6.680 
5.440 
5.280 
6.000 
5.230 
5.500 
4.850 
4.100 
3.160 
2.450 


o 

CO 

S 

9 


4.340 
4.610 
4.850 
l^.  240 
5.220 
5.300 
5.330 
5.178 
5.150 
5.080 
4.760 
4.700 
4.840 
4.820 
4.820 
3.470 
3.076 
2.462 


'a 


8.180 
3.370 
3. 625 
3.C80 
3.825 
4.  225 
4.110 
4.217 
4.000 
3.816 
3.890 
3.760 
3.550 
8.600 
a  425 
8.700 
2.700 
L750 


1.750 
2.160 
2.217 
2.180 
2.426 
2.550 
2.6.50 
2.690 
2.640 
2.680 
2.532 
2.370 
2.160 
2.250 
2.410 
2.060 
L700 


I 

o 
O 


L460 
1.620 
1.753 
1.920 
2.175 
2.180 
2.440 
2.417 
2.260 
1.938 
L730 
1.820 
L835 
1.826 
.L600 
L800 


a 


1.600 
1.745 
1.984 
2.140 
2.340 
2.650 
2.  .590 
2.720 
2.600 
2.  700 
2.440 
2.400 
1.916 
2.245 
2.170 
L938 


i 


3.250 
3.696 
3.760 
3.912 
4.015 
4.213 
4.184 
4.130 
3.991 
3.925 
3.784 
3.764 
3.705 
8.709 
3.688 
3.165 
2.536 
2.101 


REPORT   OF   THK   CHIEF    OF    ENGINEERS,  U.  8.  AKUT. 

Areal  in  DeclncHh'e  Bend. 

[Datam  ■rsoii  compoted  vitli  jcmies  reading*  tx  ColombDB,  Ky.] 


^ 

G««c 

'WldUi. 

^ 

±l5r- 

^ 

FmI. 
XLIIDS 

79:k1Q 
75.837 

74;oea 
7o:5Ta 

FrtU 

B.7triS 

S.  173.2 

iTa./«t 

%n. 

-4-      803 

+  7,S.» 

iteptpiubtraa 

mSM 

3.— Hblena,  Abkaksas. 
SaiifiQi  qf  wafer  Hsrd  al  .fiisfeiia,  .^rft. 


Miiti>T2fiiabeaKboTa 

Ueter  4  lochM  abore 
wijgbt 


Depth.       Isorffto... ;      .1            .3 

.3      1      .4            .S' 

.. 

.7 

.. 

.» 

Botldni. 

70.2    !         3.07:      4  24|      4M 
4as    1         4.4«|      4.4^1      4.84 

1*3  1      lie        t38 

4.M 
4.45 

3.54 

Jg 

3.73 

1.M 

M,..«=i«85j         *.17.-,j      4.3«[      4.44 

4.aBS      *.aB5      4.40  14.8251  1.885 

8.  SI 

a-BlSJ         111 

85.0 

&'.« 

EGO 

^^. 

4-»( 

as.  4 

4.75 

4.58 

4.53 

4.45 

8.HU 

a,« 

B.07 

i.61 

31<-a 

«=85.42 

4.s:« 

4.  VI 

4.858 

4.073 

'"1  n 

4.H6 

■i-OB 

».«73 

"" 

±«i 
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Veiocit{M  in  feet  per  woond  at  each  lenth  of  depth,  J'o- — Coutinned. 

QBOVF  8. 


I>.ptb. 

SarbA. 

■1 

■> 

.« 

.* 

■» 

.« 

J 

J) 

Bo«-. 

8.23 

B.13 

6.78 

a  10 

MO 

*.» 

4.41 

*,33 

4,2S 

irifl 

aw 

™=«5,.« 

^m 

B.44 

e.349 

...84 

5.m^_4^|48^ 

i7£l 

4.a» 

4.0U 

Lsas 

7»8 

... 

are 

BM 

8.4! 

fl.09 

•.'■^ 

fi  IB 

4  in 

4.77 

4.58 

4.24 

2.55 

"-=^" 

S.625 

b.m 

S.i53 

6.  Mi 

=■•-" 

1.98 

4.T03 

4.338 

4.07S 

171 

8.001 

10.0 

ea.b 

85. 0 
40.0 
43.S 

CDS 
5.BS 

S.W 

&!04 
4.73 

S.77 
1.65 

ft  08 

4!w 

4.47 

6.87 
lilfl 
4: 15 

6.W 
5.    6 

1-54 
1.28 

4.M 

Is  li 

4.6'.!  '  4.60 

II  la 

1.0J  j'3.»8 

8,70 

4!  on 

3.0Z 

8!  10 

1.40 
3.<B 
2.88 

in 

i.« 

■lu=54.01 

(,641 

6,308 

5.1S1 

4. 888      4.  Kl 

4.741 

'■■" 

4.333:  3.  H 

3.458 

iflU 

&03 

ftB5 

5.87 

6B7 

582  ' 

tlTO 

4  HB 

!tin 

4.BS 

1,B3 

4.17 

4.  JO 

4. 3a 

3,95 

3-20 

2,80 

UU=47.3« 

5,136 

5.103 

5.2S3 

ft  058 

'■"'1 

'■"l"" 

'"' 

3.S44 

8.118 

7  1" 

B.91 

d.SS 

fl  48 

nin 

Bin 

5  HI 

4.M 

38. 0 

siia 

4.M 

4.83 

4.  on 

1,7f 

* 

Ml 

1.23 

"-=«■» 

im 

ftftU 

ft88a 

ft. 75 

.129 

ft.. 

4.803 

4.M 

1.237 

3.87B 

a;88S 
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Vtloeiliei  i>i  fret  per  u 


•lid  at  each  feiilft  0/ dtpA,  ^— Con^iiiiiad. 
GBOtJPS. 


Depth. 

SorfSM. 

■'  i 

.! 

.. 

." 

■B 

..    t     .7 

.8 

•• 

1«U«. 

590 

0.17  ■ 

8. 17 

6.67 

6  38 

»»!,,« 

M7 

4  15 

3.90 

;a.7 

5.  5 

,1.13 

4.93 

M™iib=4G.3« 

RlfiJ 

8.092 

5  9i;i 

5.836 

5,737 

-i""'- 

4.(45 

4.0tM 

3.2U 

8O3' 

8.62  ' 

6  11 

«fl" 

5  51 

4W 

3.37 

4.1a  1 

4.45 

4.58 

^49| 

4.S5 

^42.  lt> 

.     ...407^ 

5.51«| 

5  446^ 

^^ 

6.238; 

5,0:^,4.848 

4,«H:4.40l.J4.0i!4 

3.l(» 

38  0        '      4  81 

4  84 

4  84' 

4Hli 

4  71 

4.82'4?D    396 

:!,«e 

8,13  ■ 

2.t7 

3.S7  1  X.4T 

3.23 

31.23             3,7=1 

3.784 

3.087 

■'■'^\ 

3.514 

3.418    3.303    3.126 

:lsm  2.72a 

X4M 

27.0    ,         4.83'      4,83        4.81 
,M.I)               0.17         0.32         624 
32.H               4,:iti'      4.68         4.65 

4.89        4.57.      4.44!4.M,3.M 
8.14        5.82'      5.72-5,26    5,28 
4.25         4.15  1       4.0T|  3.69     3.68 

S.7S 
&51 

ti! 

S,B1 

M™i»=3«,6-|         5.127^      1277,      5.233 

5.027      4.8471      1, 743|  4. 3S7  4. 277 

1.02(1 

I.7I7 

ItBS 
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Veloeitiea  in  feet  per  eectmdfor  each  tenth  of  depths  j-c, — Continued. 

GROUP  13. 


Depth. 

Sarface. 



5.08 

.1 
5.12 

.2 

.3 
4.83 

.4 

.5 

.6 
4.43 

.7 

.8 

.9 

Bottom. 

25.5 

5.15 

4.67 

4.80 

4.54 

4.54 

8.77 

3.13 

22.5 

5.23 

6.23 

5.23 

5.10 

.  5. 14 

5.08 

4.60 

4.10 

3.58 

8.13 

2.64 

2L2 

3.71 

3.63 

3.56 

3.59 

3.67 

8.03 

3.16 

2.72 

2.33 

2.00 

1.64 

10.5 

3.36 

3.33 

».30 

3.32 

3.34 

3.37 

3.36 

3.34 

3.28 

3.07 

2.85 

7.0 

2.54 

2.51 

2.47 

2.44 

2.37 

2.31 

2.  25     2. 17 

2.14 

2.11 

2.07 

16.6 

2.04 

2.93 

2.06 

2.97 

2.94 

1      2.92  1  2.80  '  2.65 

2.49 

2.32 

2.15 

Mattiis=17.22 

3.810 

3.795 

3,778 

3.723 

3.672 

3.  685   3. 433!  3.  253 

3.060 

2.733 

2.413 

GROUP  14. 

27.0 

5. 08 

5.17 

5.24 

5.12 

r-.oo 

t 

4.  86  '  4.  78     4.  72 

4.31 

3.70 

3.05 

10.0 

4.11 

4.02 

3.93 

3.83 

3.68 

3.  53     8. 42     3.  28 

3.09 

2.84 

2.68 

1&8 

3.66 

3.54 

3.40 

3.33 

3.37 

3.39     3.28  ,  2.96 

2.57 

2.25 

L96 

2a  5 

4.45 

4.43 

4.43 

4.40 

4.44 

4.11     3.87     3.87 

3.73 

3.48 

3.25 

M«ans~22.82 

4.325 

4.290 

4.250 

4.185 

4. 123 

3.973 

3.838 

3.708 

3.425 

3.068 

2.736 

4.— Hays'  Landing,  Mississippi. 
Ratings  of  meters  used  at  Hays  Landing^  Mhs: 


Bute. 


ICMchlS. 
April  2... 
May  27... 
Oecober9. 


1882. 


O  so 


Si 

o  o 


.32  fc 


2* 

1ft 

18 

2 

20 

4 

80 

a 


Kanj^e  of 
velocities. 


Whero 
taken. 


1 
1 
1 
1 


0. 0576 
0.  0573 
0. 0578 
0. 0517 


Feet  per  second. 
0. 6083  I        1. 41-7.  69 
0  5528  .        1.  23-5.  80 
0. 6809  I        1. 38-7.  84 
0.5167!        1.02-7.46 


In  a  pond. 
Do. 
Do. 
Do. 
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Velocities  in  feet  per  f^fcond  at   each   feiith   of  depth  at*  re^tulting  from  the  velocity  ofr- 

servationii  made  at  Hays  LaiuHntjf  Miss.,  in  ISSil. 

STATION  2. 


Meau8  =  23.  49 


Dopth. 

Snrfaco. 

.1 

.2 

.3 

1 

3.60  ; 

.4 

.5 

.6 

.7 

.8 

.0 

22.0 

n.46 

3.  55 

3.64 

3.51 

3.42 

3.35 

3.26 

3.13 

8.00 

23.0 

8.  f)? 

3.57 

3.57 

3.  53 

3.48 

3.43 

3.37 

3.32 

3.27 

3.23 

23.0 

3.34 

3.45 

3. 55 

3.49 

3.38 

8  31 

3.26 

3  15 

2.99 

2.88 

22.0 

3.23 

3.  23 

3.  2:* 

3.29 

a  28 

3.17 

3.14 

3.11 

2.88 

2.76 

21.0 

3  34 

3.34 

3.  34 

3.31 

3.27 

8.23 

3.23 

3.23 

3.01 

2.76 

21.4 

3  92 

n.8C 

3.82 

3.72 

3.56 

3.43 

3.:» 

3.24 

3.23 

3.23 

32.0 

3.  23 

3.15 

3.05 

2.91 

2.94 

2.09 

2.99 

3.21 

3.38 

2.02 

3. 441       3. 450       3. 457  ,    3. 407       3. 346       3.  283       3. 239       3. 217 


2.967 


STATION  4. 


6«.0 
70.0 

68.0 

60.0 

62.0 

60.9 

58  5 

55.5 

55.0 

61.0 

49.8 

40.0 

50.  J 

42.5 

44.2 

43.0 

44.0 

44.2 

43.0 

41.9 

43.8 

44.8 

42.9 

41.1 

41.1 

39.5 

89.1 

38.0 

38.1 

39.1 

87.0 

38.1 

39.5 

39.4 

37.1 

39.5 

38.1 

38.5 

3&7 

37.  9 

37.1 

38.0 

38.9 

37.5 

38.1 

37.5 

38.0 

39.5 

38.7 

39.1 

39.4 

42.3 

42.0 

41.8 

4L5 


o 


2.17 
1.76 
2.38 
2.  38 
l.Ott 
2.  59 
2. 17 
1.90 
2.  07 
1.96 
1.  65 


•) 


4.63 
4.75 
4.03 
4.  (U 

4.  75 

5.  08 


4.85 

4.79 


!      -'. 


I     ::. 


I-     I 


20 


I 


5.10 
4  08 
5.27 
4.47 
4.K5 
4.84 
6.76 
3  91 
3.  92 
3. 85 
3.  .54 


3.69 
2.44 
2.48 
2.49 
2.71 
2.  53 
2.  CO 
2  72 
2.54 
2.01 
1.9H 
2.14 
2.  04 
1.90 
1.05 
2.17 
2.16 
1.95 
2.60 
2.  06 
1.96 
1.05 
2.  IH 
1.76 
1.5'» 
1.85 
1.94 
2.06 
1.70 
I.  80 
1.94 
1.96 
2.00 
1.80 
1.96 
2.11 
2.37 
1.97 
2.05 
2.17 
2. 42 
2.35 
2.41 


5.35 
4.67 
5.12 
4.40 
4  61 
4.80 
6.67 
3.72 
3.92 
3.81 
3.  25 
3. 1() 
1.14 
3.57 
2.  .30 
2.37 
2.39 
2.  65 
2.44 
2.  .53 
2.5K 
2.48 
l.S'b 
1.92 
2.06 

1.  H5 
1.58 
1.87 
2.09 

2.  00 
1.87 
2.48 
1.82 
1.96 
1.87 
2. 02 
1.70 
1.55 
1.78 
1.77 
1.91 
1.68 
1.78 
1.78 
1.80 
1.82 
1.86 
1.96 
1.78 
2. 29 
1.87 
1.  85 
2.17 
2.46 
2.26 
2.46 


MeansK  44.61 


2.698  i    2.668  ;    2.571 

I  ! 


4.74 
4.42 
4.97 
4.37 
4.59 
4.52 
6.40 
3.92 
3.92 
3.56 
3.30 
3.12 
1.06 
3  57 
2.30 
2.27 
2.29 
2.  (5 
2.30 
2.  53 
2.  30 
2.26 
1.72 
2.05 
1.07 
1.87 
1.95 
1.79 
2.01 
1.96 
1.86 
2.44 
1.64 
1.89 
1.79 
1.96 
•  1.76 
1.65 
1.63 
1.82 
1.81 
1.65 
1.76 
1.69 
1.81 
1.76 
1.86 
1.90 
1.83 
2.28 
1.86 
1.80 
2.16 
2.38 
2.17 
2.38 


4.36 
4.53 
4.85 
4.33 
4.46 
4.32 
6.23 
3.84 
3.92 
3.38 
2.0.-1 
3.22 
1.03 
3.46 
2.30 
2.18 
2.18 
2.59 
2.30 
2.53 
2.27 
2.17 
1.60 
1.96 
1.81 
1.79 
1.55 
1.76 
1.90 
1.93 
1.82 
2.38 
1.55 
1.80 
1.70 
1.94 
1.76 
1.52 
1.55 
1.66 
1.73 
1.65 
1.73 
1.61 
1.73 
1.72 
1.83 
1.83 
1.81 
2.24 
1.86 
1.86 
2.06 
2.29 
1.09 
2.30 


4.32 
4.45 
4  85 
4.16 
4.46 
3.95 
6.23 
3.69 
3.72 
3.16 
2.88 
2.77 
1.00 
3.34 
2.30 
2.17 
2.08 
2.53 
2.29 
2.44 
2.22 
2.17 
1.43 
1.79 
1.76 
1.70 
1.52 
1.73 
1.75 
1.86 
1.75 
2.38 
1.54 
1.83 
1.62 
1.87 
1.73 
1.44 
1.53 
1.34 
L64 
1.66 
1.64 
1.55 
1.65 
1.64 
1.76 
1.75 
1.70 
2.00 
LW 
1.86 
1.99 
2.28 
1.80 
2.28 


S.3«]^ 
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Velocities  in  feet  per  eecimd  at  each  tenth  of  depths  ^'O, — Continued. 

STATION  «. 


»epth. 

SorfiAce. 

.1 

.2 

.8 

.4 

.5 

.6 

.7 

.8 

.0 

'  82.8 

4.44 

5.87 

5.28 

5.93 

6.17 

6.78 

5.13 

4.84 

4.54 

4.16 

68.0 

5.37 

5.18 

5.08 

5.42 

6.74 

5.68 

5.64 

5.16 

4.92 

4.00 

00.0 

4.73 

4.87 

4.65 

4.78 

5.45 

6.40 

5.20 

5.06 

4.89 

4.76 

67.5 

5.10 

5.18 

5.18 

6.60 

6.17 

5.89 

5.51 

4.95 

4.52 

4.06 

6S.0 

5.08 

5.02 

4.92 

6.07 

6.08 

5.18 

5.22 

5.50 

4.98 

4.62 

65.2 

5.08 

5.15 

4.94 

4.75 

4.70 

4.96 

5.04 

4.84 

4.73 

4.82 

63.5 

4.61 

5.24 

4.83 

4.81 

4.75 

4.88 

4.73 

4.43 

4.15 

4.24 

63.0 

3.02 

4.04 

4.19 

4.28 

4.16 

4.65 

4.40 

4.04 

3.67 

3.38 

60.0 

4.15 

4.15 

4.15 

4.02 

3.92 

4.04 

3.97 

4.05 

3.84 

3.72 

59.5 

3.92 

4.07 

4.  (6 

3.92 

3.92 

3.92 

3.91 

3.76 

3.58 

3.31 

60.0 

3.46 

3.57 

3.62 

3.69 

3.97 

3.80 

3.64 

3.37 

3.09 

2.82 

55.8 

3.69 

3.69 

3.58 

3.33 

3.t<5 

3.91 

3.73 

3.51 

3.26 

2.89 

62.5 

3.46 

3.46 

3.62 

3.88 

3.72 

3.74 

3.46 

3.14 

2.94 

8.83 

53.4 

3.69 

3.69 

3.69 

3.69 

3.G6 

3.57 

8.52 

3.46 

3.46 

8.33 

45.0 

2  99 

2.99 

3.08 

2.94 

3.82 

2.76 

2.72 

2.65 

2.64 

2.52 

4«.0 

2.76 

2.87 

2.69 

2.65 

2.57 

2.53 

2.53 

2.53 

2.49 

2.36 

47.0 

-    3.46 

3.46 

3.36 

3.25 

3.23 

3.23 

3.15 

3.04 

2.94 

2.82 

4&8 

2.99 

3.10 

3.21 

3.04 

2.99 

2.92 

2.81 

2.76 

2  71 

2.00 

46.0 

2.99 

2.99 

2.91 

2.88 

2.88 

2.81 

2.77 

2  62 

2.53 

2.53 

45.2 

2.99 

3.10 

3.11 

3.03 

2. 78 

2.65 

2.65 

2.62 

2.47 

2.14 

47.9 

2.69 

2.69 

2.60 

2.59 

2.50 

2.48 

2.41 

2.31 

2.28 

2.21 

46.8 

3.00 

3.00 

2.92 

2.65 

2.44 

2.32 

2.22 

2.12 

2.03 

1.90 

4.15 

2.  69 

2.60 

2.66 

2.63 

2.54 

2.37 

2.17 

2.17 

2.17 

1.96 

45.5 

2.48 

2.58 

2.59 

2.51 

2.42 

2.33 

2.33 

2.34 

2.25 

2.17 

45.0 

2.59 

2.40 

2.38 

2.38 

2.38 

2.38 

2.30 

2.11 

1.88 

1.55 

i:i.o 

2.59 

2.59 

2.51 

2.42 

2.34 

2.22 

2.05 

1.96 

1.78 

1.68 

42.1 

2.79 

2.79 

2.72 

2.69 

2.58 

2.38 

2.38 

2.38 

2.23 

2.U 

43.0 

2.  79 

2.63 

2.52 

2.43 

2.29 

2.14 

2.08 

2.17 

2.17 

2.10 

42.5 

3.00 

2.82 

2.79 

2.68 

2.51 

2.36 

2.28 

2.28 

2.19 

2.17 

42.8 

2.79 

2.79 

2. 79 

2.73 

2.69 

2.66 

2.58 

2.48 

2.40 

2.31 

42.0 

1.55 

1.55 

1.55 

1.61 

1.62 

1.51 

1.34 

1,34 

1.28 

1.19 

42.1 

2.69 

2.69 

2.69 

2.64 

2.59 

2.59 

2.59 

2.59 

2  52 

2.42 

41.4 

2.^ 

2.59 

2.66 

2.54 

2.41 

2.47 

2.38 

2.30 

2.21 

2.07 

42.0 

2.59 

2.59 

2.59 

2.59 

2.55 

2.48 

2.48 

2.:i9 

2.31 

2.22 

41.8 

2.59 

2.59 

2.52 

2.43 

2.35 

2.28 

2.28 

2.28 

2.21 

2.10 

42.0 

2.48 

2.48 

2.48 

2.48 

2.44 

2.34 

2.17 

2.08 

1.99 

1.96 

40.1 

2.  59 

2.59 

2.59 

2.59 

2.57 

2.48 

2.48 

2.48 

2.44 

2.25 

40.0 

2.79 

2.83 

2.59 

2.54 

2.45 

2.37 

2.29 

2.35 

2.27 

2.10 

40.8 

2.38 

2.38 

2.32 

2.33 

2.33 

2.16 

1.98 

1.96 

1.91 

1.86 

40.4 

2.38 

2.38 

2.24 

2.17 

2.17 

2.17 

2.17 

1.90 

1.57 

1.25 

42.4 

2.28 

2.28 

2.35 

2.38 

2,29 

2.14 

2.06 

1.97 

1.81 

1.70 

39.8 

2.59 

2.59 

2.53 

2.45 

2.33 

2.07 

1.91 

1.75 

1.62 

1.53 

39.9 

2.48 

2.57 

2.59 

2.55 

2.46 

2.38 

2.30 

2.22 

2.09 

1.87 

40.1 

2.48 

2.48 

2.55 

2.51 

2.34 

2.17 

2.09 

2.00 

1.92 

1.83 

40.0 

179 

2.71 

2.63 

2.59 

2.57 

2.48 

2.40 

2.38 

2.34 

2.28 

40.2 

2.48 

2.40 

2.44 

2  44 

2.36 

2.28 

2.11 

2.  CO 

1.92 

1.86 

40.9 

2.48 

2.48 

2.48 

2.48 

2.45 

2.38 

2.38 

2.38 

2.38 

2.32 

40.2 

2.79 

2  71 

2.69 

2.60 

2.48 

2.48 

2.40 

2.32 

2.23 

2.13 

41.5 

2.59 

2.50 

2.48 

2.43 

2.41 

2  47 

2.38 

2.38 

2.25 

2.07 

43.1 

2.79 

2.79 

2.79 

2.79 

2.75 

2  69 

2.67 

2.59 

2.59 

2.43 

40.7 

2.90 

2.81 

2.73 

2.69 

2.67 

2.59 

2.49 

2.48 

2.38 

2.22 

41.5 

2,90 

2.81 

2.72 

2.64 

2.59 

2.57 

2.50 

2.48 

2.42 

2.20 

44.0 

2.79 

2.79 

2  79 

2.79 

2.74 

1.65 

2.59 

2.52 

2.16 

2.07 

43.8 

3.00 

3.00 

2.93 

2  96 

2.90 

2.75 

2.69 

2.65 

2.38 

2.29 

43.0 

2.90 

2.99 

3.00 

3.00 

2.91 

2.70 

2.50 

2.59 

2.41 

2.23 

43.7 

3.00 

3.18 

3.21 

3.21 

3.11 

2.92 

2.77 

2.68 

2.59 

2.60 

18  r=  47. 48 

3.112 

a.  136 

a  103 

3.091 

8.090 

2.091 

2.908 

2.816 

2^677 

2.627 
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VelociHes  in  feet  per  second  at  each  tenth  of  depth,  j^. — Contlnned. 

STATION  8. 


Depth. 

Sarfaoe. 
5.31 

.1 

.2 

.8 

.4 

.5 

.6 

.7 

.8 

J 

64.0 

6.51 

5.62 

5.84 

6.02 

6.09 

6.02 

6.90 

a89 

6.n 

a<).8 

6.66 

5  42 

6.50 

6.76 

6.60 

5w76 

6.76 

a87 

a89 

&n 

68.0 

.5.77 

5.45 

5.14 

5.85 

5.76 

6.71 

6.81 

5.19 

aoe 

4.81 

63.0 

4. 96 

5.04 

5.42 

5.72 

6.32 

6.41 

6.08 

4.69 

4.66 

4.n 

Gl.O 

4.85 

6.02 

6.06 

6.96 

6.02 

6.06 

6.49 

a  15 

4.85 

Scat 

60.5 

4.  :i8 

4.38 

4.43 

4.57 

4.82 

4.61 

4.22 

4.16 

a  76 

a48 

58.8 

4.15 

4.24 

4.70 

6.07 

4.80 

4.61 

4.38 

4.a'{ 

4.15 

4.0s 

57.0 

4.:<8 

4.36 

4.15 

4.20 

4.27 

1.85 

4.38 

4.15 

3.68 

3  53 

49.5 

4.  MS 

4.61 

4.61 

4.38 

4.16 

4.15 

4.86 

4.18 

4.16 

4.05 

45.  5 

8.46 

3.46 

3.46 

3.64 

3.62 

8.61 

a46 

a  42 

a  32 

;      a22 

44.2 

3.  CO    ' 

3.60 

3.69 

3.69 

3.63 

3.67 

a68 

a  46 

a  46 

:i.40 

43.0 

8. 09    < 

3. 59 

3.57 

3.67 

3.66 

3.72 

a  62 

a  79 

a59 

157 

45.1 

3. 2.1 

3.  05 

3.87 

3. 75 

3.62 

3.6:< 

a  60 

a53 

a63 

a30 

40.9 

3.80 

3.72 

3.76 

3.86 

3.92 

8.91 

a  82 

a72 

a  62 

a27 

42.0 

3.11 

3.40 

8.32 

3.36 

3.38 

8.22 

an 

an 

2.90 

2.ta 

42.8 

3.92 

3.82 

3.80 

8.73 

8.64 

8.47 

a28 

a23 

a  83 

aes 

44.0 

8.41 

3.41 

3.33 

3.30 

8.16 

3.18 

2.97 

a88 

2.79 

i      2.79 

44.1 

3.  62 

3.44 

3.57 

3. 35 

3. 21 

8.08 

2.87 

a73 

a  48 

1      2.30 

43.2 

3.31 

3.  31 

3.24 

3.21 

3.21 

3.14 

a  00 

2.90 

a  81 

:    ao9 

41.0 

3.41 

3.25 

3. 21 

3.21 

3.21 

a  19 

a  02 

a93 

a  73 

as9 

39.0 

3.00 

3.00 

3.00 

3.00 

3.00 

3  00 

2.92 

a9o 

a86 

a7» 

38.0 

2  70 

2.64 

2.  75 

2.93 

2.98 

2.75 

2.09 

2.61 

ase 

a  19 

39.0 

2.50 

2.  59 

2.65 

2.69 

2.67 

2.59 

2.50 

2.59 

a  51 

a3ij> 

30.5 

2.  (iO 

2.69 

2.63 

2.63 

2.66 

2.40 

2.31 

2. 22 

a  14 

au5 

40.  5 

3.31 

2.98 

2.83 

2.79 

2.72 

2.48 

2.48 

£41 

2.:w 

a  1*3 

.'j8.  5 

3.  10 

3.02 

2  89 

2.79 

2.78 

2.71 

2.63 

2.59 

a. ST 

249 

39.2 

J.  00 

1.81 

1.87 

1.88 

1.75 

1.66 

1.58 

1.55 

1.52 

1.44 

39.5 

2.79 

2.79 

2.79 

2.79 

2.77 

2.70 

2.69 

2.64 

a  .56 

a  48 

40.5 

3.  00 

3.17 

3.21 

3.21 

3.14 

2.89 

2.81 

a  79 

a  74 

a69 

39.9 

2.  59 

2.91 

2.75 

2.69 

2.62 

2.69 

2.77 

a  67 

a54 

a  46 

39  9 

2.70 

2.96 

3.00 

2.92 

2.75 

2.69 

2  59 

'2.41 

a  24 

an 

41.0 

2.79 

2.79 

2.79 

2.79 

2.76 

2.68 

2.00 

2. 59 

a  53 

a  4'! 

38.5 

2.79 

2.  79 

2.79 

2.78 

2.58 

2.60 

2.55 

2.6:i 

a  46 

aso 

38.5 

3.00 

3.00 

2  95 

2.87 

2.73 

2.79 

2.79 

a  75 

a  67 

aoo 

37.1 

2.79 

2.  87 

2.84 

2.70 

2.40 

2.53 

2.54  , 

2.48 

a  48 

1.86 

37.9 

2.90 

2.  00 

2.85 

2.82 

2.89 

2.66 

2.48 

a83 

a36 

a  13 

37.5 

2.  50 

2.74 

2.89 

2.88 

2.59 

2.69 

2.69 

2.M 

a  38 

asi 

41.0 

3.  10 

3.0J 

3.06 

2.95 

2.82 

2.67 

a  41 

a88 

a  26 

an 

40.6 

:{.  10 

3.10 

8.10 

3.10 

3.10 

a  10 

a  10 

ao3 

aoo 

aoo 

40.3 

3.  21 

3.21 

3.14 

8.06 

2.98 

2.90 

a  81 

a«6 

a  50 

a29 

40.0 

3.  00 

8.00 

2.87 

2.79 

2.77 

2  69 

2.61 

a  62 

au 

asH 

40.9 

2.90 

2.81 

2.86 

2.85 

2.79 

2.78 

2.70 

ao2 

2.  fa 

a  48 

40.0 

.H.0(> 

3.  UO 

3.00 

2.96 

2.90 

2.90 

2.73 

a«3 

a55 

a43 

40.0 

3.21 

3.21 

8.21 

3.13 

2.98 

2.90 

2.86 

a78 

aos 

a  59 

40.5 

3.00 

3.00 

3.06 

8.10 

3.08 

a  00 

a  00 

ase 

a  74 

a62. 

41.1 

3.  21 

3.21 

3.21 

3.16 

3.07 

2.99 

a  91 

asa 

a68 

as: 

41.2 

3.  21 

3.21 

3.14 

3.05 

3.00 

a  00 

a  00 

a92 

a  78 

a  62 

40.9 

3.31 

3.31 

3.25 

3.21 

3.18 

a  09 

a  01 

a85 

a  63 

a  42 

41.7 

3.62 

3.44 

3.41 

3.32 

3.17 

a  08 

aoo 

a92 

a82 

a  74 

45.0 

3.62 

3.43 

3.41 

3.34 

3.37 

a36 

a23 

ao4 

aoo 

aoo 

41.5 

a  62 

3.54 

3.45 

3.41 

3.38 

a  31 

a  81 

a  14 

a  10 

a  01 

43.1 

3.72 

3.72 

3.65 

3.62 

a  67 

a46 

a27 

aos 

a  01 

a«3 

Means  =  44. 46 

8.43S 

8.435 

3.434 

8.454 

8.405 

a  836 

a246 

a  100 

a  041 

a  017 
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Velocities  in  feel  per  second  at  each  tenth  ofdepih,  ^o. — Continaed. 

STATION  10. 


Depth. 

SarfiMe. 

.1 

l 

.3 

.4 

.6 

6.08 

.6 

.7 

.8 

.9 

82.0 

5.08 

&80 

6.70 

6.70 

6.47 

5.63 

4.97 

4.56 

4.00 

74.6 

4.61 

4.85 

4  85 

4.05 

4  75 

5.50 

4.61 

4.64 

4.41 

4.05 

77.2 

4.61 

4.61 

4  97 

5  08 

5.13 

5.15 

4.58 

5.14 

4  61 

4.41 

7«0 

4  38 

4.75 

5.33 

6  00 

/).  50 

5.  35 

5.46 

4.09 

4.38 

3.98 

68.0 

4.38 

4.32 

4.30 

4.58 

4.44 

4.  .58 

4.  2.J 

4.11 

3.83 

3.69 

70  .1 

4.85 

4.85 

4.85 

4.85 

4.85 

4.72 

4.56 

4.40 

4.24 

4.08 

09.5 

4.61 

4.95 

4.70 

5.16 

5.21 

5.  09 

5.15 

5.  00 

4.84 

4.67 

689 

4.85 

4.70 

4  67 

4.83 

4.67 

4.61 

4.50 

4.50 

4.38 

4.22 

64.0 

4.38 

4.38 

4.38 

4.29 

4.28 

4.38 

4.31 

4.27 

4.24 

4.15 

63.0 

4.27 

4.27 

4.27 

4.27 

4.27 

4.23 

4.15 

4. 15 

4.14 

4.00 

63.0 

4.    6 

4.42 

4.21 

4.35 

4  16 

4.23 

4.15 

4.07 

3.92 

3.87 

61  5 

3.46 

4.13 

4.14 

4.49 

4.61 

4.47 

4  34 

4.27 

3.97 

3.65 

50  2 

3.92 

3.16 

4.15 

4,15 

4.  15 

4.15 

4.15 

4. 12 

3.98 

3.83 

61  7 

3.02 

3.89 

3.80 

3)88 

3.92 

4.11 

3  92 

3.77 

8.52 

3.20 

64.0 

3.83 

3  72 

3.78 

3.83 

.3.72 

3.68 

3.55 

3.41 

3.39 

3.31 

65  5 

3  62 

3  02 

.^02 

3.62 

3.84 

3.84 

3.  6A 

3.50 

3.31 

3.21 

62  2 

3  62 

.1.54 

3.  .')7 

3.59 

3.62 

3.62 

3.57 

3.  52 

3.  23 

3.08 

62.5 

3  93 

3.G7 

3.72 

3.78 

4.03 

3.82 

3.66 

1    3.53 

3.52 

3.41 

61  5 

3.62 

3.46 

3.02 

3.62 

3.62 

3.41 

3.37 

3.31 

3.23 

3.21 

53  3 

3.21 

3.21 

3.21 

3.23 

3.33 

3.41 

3.33 

2.93 

2.53 

2.43 

50  9 

3.00 

3  21 

3  21 

3.21 

3.20 

3.  10 

3.10 

3.09 

3.00 

3.00 

.^8  0 

3.21 

3.21 

3.21 

3.21 

3.21 

3.  21 

3.11 

3.(9 

3.00 

2.91 

55.0 

3.21 

3.21 

3.21 

3.00 

3  00 

2.90 

2.79 

2.  65 

2.59 

2.49 

56  0 

3.21 

3.21 

.3.21 

3.17 

3.  10 

3.10 

3.03 

3.00 

2.80 

2.79 

62.4 

2.90 

2.90 

2.85 

2.79 

2. 79 

2.77 

2.09 

2.62 

2.  .59 

2.54 

61.8 

3.21 

3.21 

3.21 

3.21 

3.11 

3.10 

3.  10 

3.10 

3.  01 

2.70 

54.0 

3.21 

3.21 

3.21 

3.18 

3.10 

3.10 

2.  9.-) 

2.79 

2.  GO 

2.51 

59.0 

3  21 

3.21 

3.21 

3  21 

3.13 

3.10 

3.09 

3.00 

2.  J»6 

2.83 

56l0 

3.21 

3.21 

3.21 

3.17 

3.10 

3.10 

3.03 

3.00 

2.90 

2.78 

58.5 

3.21 

3.21 

3.21 

3.21 

3.21 

3.12 

3.10 

3.08 

3.00 

2.95 

59.8- 

3.  21 

3.20 

3.21 

3.21 

3  12 

3.00 

2.98 

2.86 

2.79 

2.64 

56  O 

3.21 

3.21 

3.21 

3.17 

3.10 

3.04 

2.85 

2.79 

2.  69 

2.46 

59.8 

3.10 

3.10 

3.06 

3.00 

3.00 

3.00 

2.00 

2.86 

2.79 

2.64 

58  5 

3.00 

3.00 

3  00 

2.95 

2.90 

2.90 

2.79 

2  79 

2.75 

2.64 

sas 

2.90 

2.92 

2.93 

2.79 

2.79 

2.79 

2.59 

2.61 

2.65 

2.53 

59.8 

3.21 

3.21 

3.21 

3.21 

.3.21 

3.10 

3.  02 

3.00 

2.88 

2.79 

96.0 

3.21 

3.21 

3.21 

3.21 

3.21 

3.16 

3.10 

3.10 

3.02 

3.00 

50.0 

3.21 

3  21 

3.21 

3.21 

3.10 

3.10 

2.79 

2.79 

2.59 

2.48 

59  0 

3.21 

3.21 

3.21 

3.21 

3.13 

3.10 

3.00 

2.  95 

2.79 

2.73 

52.5 

3.00 

3.01 

3.10 

3.09 

3.00 

2.98 

2.90 

2.86 

2.79 

2. 75 

59  2 

3.10 

3.  10 

3.10 

3.10 

3.10 

3.01 

3.00 

2.97 

2.90 

2.83 

57.0 

3.31 

3.  31 

3.31 

3.31 

3.25 

3.21 

3.03 

3.00 

2.89 

2.74 

50.0 

3.41 

3.41 

3.37 

3.31 

3.24 

3.21 

3.10 

3.07 

2.91 

2.73 

59.2 

3.41 

3.41 

3.41 

3.41 

3.34 

3.31 

3.21 

3.18 

3.05 

2.80 

55.0 

3.41 

3.41 

3.41 

3.41 

3.37 

3.  31 

3.25 

3.21 

3.04 

2.79 

57.9 

3.52 

3.44 

3.55 

3.36 

3.31 

3.23 

3.21 

3.10 

3.07 

2.87 

59.9 

3.62 

3.62 

3.58 

3.46 

3.  .33 

3.31 

3.  21 

3.17 

3.10 

3.02 

50.1 

3.62 

3.64 

3.65 

3.52 

3.44 

3.41 

3.31 

3.28 

3.16 

3.04 

59.0 

3.72 

3.72 

3.72 

3.67 

3.62 

3.62 

3.52 

3.49 

3.32 

3.14 

.      59.2 

.3.83 

3.83 

3.79 

3.72 

3.65 

3.62 

3.62 

3.62 

3.57 

3.32 

Means  =  61. 07 

3.622 

3.657 

3.606 

3.719 

3.675 

3.649 

3.625 

3.448 

3.310 

3.070 
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STATION  la. 


Depth. 

1 
Snrface. 

1 

.1 

6.07 

.2 

.3 

.4 

.6 

e. 

.7 

.8 

.0 

86.2 

5.  54 

'    5.66 

6.04 

5.83 

5.23 

5.54 

6.28 

4.90 

4.73 

85.0 

4. 85 

5.03 

i    5. 02 

5.36 

6.00 

5.48 

5.25 

6.28 

4.78 

4.61 

70.0 

5.54 

5.  IH 

5.07 

4.90 

'    4.85 

4.85 

4.73 

4.58 

1    4.88 

4.23 

68.0 

4.  27 

4.20 

4.18 

4.15 

4.21 

4.27 

4.35 

4.27 

4.15 

4.06 

68.4 

4.50 

4.  52 

4.38 

4.  25 

4.15 

4.15 

;    4.15 

4.10 

8.03 

8.80 

68.2 

4.38 

4.38 

4.30 

4.38 

4.38 

4.38 

1    4.27 

4.21 

4.15 

4.01 

69.0 

4.15 

4.  23 

4.15 

4.  25 

4.27 

4.17 

,    4.12 

3.06 

3.80 

3.60 

6a4 

4. 15 

4.15 

'■    4.15 

4.38 

1    4.44 

4.40 

'    4.15 

4.02 

3.70 

3.42 

68.2 

4.15 

4.19 

4.27 

4.27 

1    4.22 

4.15 

4.13 

3.08 

3.92 

3.77 

68.4 

4.04 

4.00 

■    3.92 

3.  92 

,     3. 92 

3.92 

8.87 

3.74 

3.69 

3.65 

71.3 

4.03 

3.  83 

i    3.83 

3.83 

3.76 

3. 62 

8.62 

3.52 

3.41 

3.33 

69.0 

3.83 

3.83 

'    3.83 

3.83 

3.83 

3.73 

8.69 

3.62 

3.oe 

3.33 

64.5 

3.  72 

3.72 

3.72 

3.72 

3.72 

3.72 

3.72 

3.52 

8.35 

a  21 

69.0 

3.83 

3.83 

'     3.75 

3.72 

3.72 

3.63 

3.62 

3.55 

3.52 

3.41 

69.0 

3.83 

3.  8.3 

3.  75 

3.72 

,    3.67 

3.62 

3.60 

3.52 

3.41 

3.37 

67.4 

3.41 

3.41 

I     3.34 

3.31 

3.35 

3.34 

3.21 

3.16 

3.10 

8.00 

05.9 

3.41 

3.  OS 

3.69 

3.57 

3.47 

3.50 

3.22 

2.97 

2.00 

2.81 

65.8 

3.41 

3.41 

3.  35 

3.41 

3.41 

3.29 

3.21 

2.98 

2.84 

2.71 

65.8 

3.21 

3.35 

3.34 

3.41 

3.36 

3.03 

2.80 

2.69 

2.64 

2.50 

64.5 

3.  52 

3.  28 

3.27 

3.31 

3.29 

3.21 

3.21 

3.  TO 

3.07 

3.00 

65.1 

3.41 

3.31 

3.31 

3.31 

3.21 

3.15 

3.02  • 

2.99 

2.90 

2.82 

60.4 

3.62 

3.  62 

3.02 

3.62 

3.45 

3.48 

3.41 

3.41 

3.41 

8.82 

64.5 

3.41 

3.58 

1    3.35 

3.21 

3.21 

3.21 

3.05 

2.99 

2.00 

2.83 

66.0 

3.  41 

3.  45 

(    3.52 

3.41 

3.41 

3.34 

3.31 

a27 

3.21 

3.10 

66.5 

3.41 

3.41 

'     3.41 

3.41 

3.31 

3. 31 

3.31 

3.21 

3.21 

8.10 

66.0 

3.41 

3.34 

3.48 

3.41 

3:38 

3.25 

3.21 

2.95 

2.68 

2.49 

61.4 

3.41 

3.  45 

3.  21 

3.07 

3.00 

2.97 

2.75 

2.69 

2.61 

2.50 

64.1 

3.41 

3.21 

,     3.27 

3.13 

2.97 

2.88 

2.93 

2.79 

2.07 

2.53 

62. 1 

3.31 

3.41 

3. 36 

3.21 

3.31 

3.19 

2.96 

2.94 

2.80 

2.67 

6:>.  4 

3.31 

3.21 

3.27 

3.22 

3.21 

3.21 

3.21 

2.81 

2.05 

2.84 

00  8 

3.  21 

3.33 

'    3. 37 

3.25 

3.21 

3.09 

3.27 

3.29 

2.79 

2.70 

59.5 

3. 72 

3.  50 

1    3.45 

3.46 

3.49 

3.34 

3.21 

3.17 

3.05 

8.00 

61.0 

3.  .')2 

3.52 

j    3  52 

3.45 

3.41 

3.41 

3.38 

3.26 

3.05 

2.92 

63.5 

3.31 

3.  3* 

i    3.41 

3.  25 

3.09 

2.97 

2.83 

2.79 

2.69 

2.56 

65.0 

3.31 

3.31 

:    3. 25 

3.21 

3.10 

3.06 

3.12 

2.00 

8.00 

2.85 

66.1 

3.41 

3.31 

3.  25 

3.21 

3.  21 

3.14 

3.10 

2.87 

2.73 

2.09 

65.2 

3  31 

3.31 

3.  31 

3.  31 

3.21 

3.15 

3.>0 

3.00 

2.01 

2.56 

61.3 

3.41 

3.  50 

3.  37 

3.38 

3.41 

3.30 

3.25 

3.37 

3.32 

2.78 

66.0 

3.62 

3.62 

3.42 

3.41 

3.28 

3.40 

3.4'> 

3.14 

2.84 

2.70 

67.1 

3.  52 

3.55 

3.  55 

3.  .52 

3.41 

3.34 

3.31 

3.28 

3.03 

2.88 

66.9 

8.02 

3.  62 

3.48 

3.  .52 

3.52 

3.52 

3.52 

8.30 

2.90 

2.70 

65.5 

3.72 

3.67 

3.75 

3.  62 

3.62  ; 

3,57 

3.42 

8.50 

3.26 

2.85 

67.4 

4.  03 

3.00 

3.  8.3 

3.  83 

3.79    I 

3.72 

3.64 

8.77 

3.43 

3.20 

67.5 

3.72 

8.  .87 

3.78 

3.72 

3.64 

3.57 

3.43 

3.58 

3.27 

a  10 

64.0 

3.83 

3.93 

3.  99 

3.86 

3. 62 

3.62 

8.62 

3.52 

8.57 

3.25 

6a  1 

4.14 

3.  93 

3.86 

3.83 

3.72 

3.72 

8.78 

3.67 

3.42 

3.15 

Heana  =06. 87 

8.767 

3.768 

3.727 

3.708 

3.675 

3.600 

8.544 

8.447 

8.800 

8.168 
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STATION  14. 


)eptlL 

Sarface. 

.1 

• 
.2 

.3 

.4 

.6 

.6 

.7 

.8 

.9  ^ 

82.2 

5.54 

6.23 

5.77 

5.77 

6.23 

5.95 

5.57 

5.43 

5.27 

5.08 

7a  6 

5.77 

6.04 

6.47 

6.32 

6.23 

5.84 

6.21 

4.85 

5.12 

6.04 

74.6 

5.54 

6.61 

5.77 

6.12 

6.23 

5.85 

5.58 

5.20 

4.86 

4.67 

73.6 

5.31 

5.31 

5.09 

5.25 

6.31 

5.77 

5.59 

6.23 

4.92 

4.78 

69.0 

5.54 

5.72 

5.22 

4.38 

4.38 

4.16 

4.38 

4.23 

4.14 

3.19 

70.9 

5.54 

5.12 

5.03 

4.98 

5.00 

4.95 

1    4.73 

4.61 

4.88 

4.28 

71.2 

5.08 

5.20 

5.27 

5.02 

4.85 

5.06 

,    5.63 

5.53 

4.44 

4.84 

68.U 

5.08 

4.93 

4.92 

5. 05 

4.85 

4.85 

4.U4 

4.73 

4.40 

4.23 

60.3 

4.38 

4.27 

4.31 

4.52 

4.52 

4.38 

4.24 

4.15 

4.00 

3.82 

62.3 

4.15 

4.13 

4.10 

4.15 

4.15 

4.13 

3.98 

3.83 

3.70 

3.64 

62.4 

4.38 

4.47 

4.27 

4.40 

4.38 

4.30 

4.27 

4.07 

3.92 

3.78 

62.1 

4.38 

4.38 

4.38 

4  30 

4.27 

4.17 

4.22 

4.08 

4.04 

3.92 

58.7 

4.15 

4.15 

4.15 

4.15 

4.23 

4.37 

4.15 

4.15 

3.99 

3.66 

50.3 

4.04 

4.18 

4.28 

4.15 

3.97 

4.14 

4.34 

4.01 

3.75 

3.36 

58.5 

4.38 

4.19 

4.38 

4.38 

4.31 

4.27 

4.15 

4.11 

3.88 

3.74 

57.5 

4.15 

4.04 

4.04 

4.04 

3.97 

3.92 

3.92 

3.91 

3.80 

8.78 

61.1 

4.L'4 

4.12 

3.99 

3.H6 

3.83 

3.83 

3.83 

3.77 

3.64 

3.62 

61.9 

4.03 

3.80 

3.67 

3.62 

3.52 

3.41 

3.50 

3.48 

3.23 

3.02 

61.0 

3.72 

3.72 

3.72 

3.05 

3.62 

3.71 

3.  62 

3.57 

3.48 

3.21 

61.0 

3.83 

3.83 

3.74 

3.55 

3.52 

3.60 

3.48 

3.62 

3.64 

a  41 

60.5 

4.03 

3.79 

3.58 

3.72 

3.65 

3.53 

3.59 

3.47 

3.27 

3.11 

59.4 

3.62 

3.58 

3.37 

3.37 

3.49 

3.42 

3.30 

3.21 

3.16 

8.03 

57.9 

3.62 

3.59 

3.48 

3.  .52 

3.41 

3.41 

3.32 

3.19 

2  97 

2.85 

57.0 

3.62 

3.38 

3.27 

3.33 

3.21 

3.28 

3.23 

3.00 

2.89 

2.76 

58.9 

3.31 

3.31 

3.31 

3.26 

3.21 

3.21 

3.10 

3.08 

3.00 

2.87 

58.4 

3.31 

3.31 

3.31 

3  26 

3.21 

'3.03 

3.00 

2.88 

2.79 

2.69 

5ao 

3.21 

3.21 

3.18 

3.10 

3.17 

3.04 

2.90 

2.78 

2.69 

2.65 

60.2 

3.41 

3.39 

3.35 

3.41 

3.33 

3.21 

3.10 

3.06 

3.00 

2.92 

62.5 

3.21 

3.21 

3.31 

3.41 

3.21 

3.18 

3.10 

3.03 

3.00 

2.98 

61.1 

3.31 

3.31 

3.31 

3.24 

3.21 

3.20 

3.10 

3.05 

3.00 

2.90 

61.2 

3.62 

3.50 

3.41 

3.34 

3.40 

3.40 

3.31 

3.25 

3.21 

3.08 

61.0 

3.62 

3.50 

3.41 

3.41 

3.32 

3.31 

3.28 

3.21 

3.21 

3.10 

61.2 

3.31 

3.31 

3.27 

3.21 

3.21 

3.09 

3.00 

2.94 

2.81 

2.69 

61.1 

3.31 

3.29 

3.21 

3.21 

3.11 

3.10 

3.07 

3.00 

2.84 

2.48 

60.8 

3.21 

3.21 

3.16 

3.10 

3.10 

2.99 

2.90 

2.84 

2.72 

2.60 

59.4 

3.10 

3.10 

3.10 

3.10 

3.10 

3.10 

3.00 

2.97 

2.85 

2.79 

60.0 

3.00 

3.00 

3.00 

3.00 

3.00 

2  90 

2.90 

2.85 

2.79 

2.63 

60.2 

3. 41 

3.25 

3.41 

3.41 

3.41 

3.31 

3.21 

3.16 

3.10 

3.02 

60.0 

3.31 

3.29    1 

3.17 

3.10 
3.02 

3.19 

3.21 

2.98 

2.82 

2-63 

2.42 

60.0 

3.  10 

3.10         : 

3.10 

3.17 

3.21 

2.fi5 

2.05 

2.63 

2.40 

60.1 

3.41 

3.31 

3.31 

3.25 

3.12 

3.10 

3.08 

3.00 

2.75 

2.61 

59.4 

3.31     1 

3.29 

3.17 

3.22 

3.31 

3.02 

2.90 

2.87 

2.69 

2.51 

55.2 

3.41 

3.51 

3.41 

3.41 

3.37 

3.26 

3.14 

3.10 

3.02 

3.00 

60.2 

3.41 

3.29 

3.  25 

3.37 

3.33 

3.21 

2.05 

2.84 

2.71 

2.50 

61. 2     1 

3.41     I 

3.31 

3.27 

3.21 

3.11 

3.11 

3.14 

2.96 

2.87 

2.59 

59.9 

3.41 

3.58 

3.45 

3.46 

3.50 

3.41 

3.17 

2.96 

2.90 

2.90 

00.0 

3.62 

3.52 

3.48 

3.48 

3.52 

3.62 

3.46 

3.17 

3.04 

2.96 

62.1 

3.02 

3.02 

3.62 

3.55 

3.52 

4.41 

3.41 

3.34 

3.31 

3.19 

63.5 

3.62 

3.65 

3.67 

3.45 

3.  42 

3.41 

3.21 

3.21 

3.10 

3.06 

62.9 

3.83     ' 

3.70 

3.57 

3.60 

3.52 

3.49 

3.36 

3.21 

3.18 

2.90 

61.5 

3.83 

3.72 

3.66 

3.55 

3.61 

3.38 

3.26 

3.14 

3.10 

2.78 

1  =  62.33 

8.917 

3.894 

8.846 

3.820 

3.820 

a  749 

3.656 

8.646 

3.405 

8.256 
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STATION  16. 


Depth. 

Surface. 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.0 

80.0 

6.81 

7.55 

■    7.84 

8.03 

7.65 

6.93 

7.86 

7.72 

a73 

6.82 

80.8 

7.39 

7.04 

;    6.96 

6.73 

6.75 

7.06 

7.16 

6.86 

6.48 

6.23 

79.0 

6.93 

6.86 

6.93 

7.41 

6.03 

6.03 

6.58 

6.27 

6.72 

5.00 

78.8 

7.:t9 

6.85 

7.  05 

6.30 

6.28 

6.66 

6.34 

5.00 

5.70 

5.23 

77.9 

6.70 

7.00 

7.07 

7.77 

7.39 

7.20 

6.62 

6.25 

6.43 

5.70 

75.0 

6.47 

6.64 

,    6.70 

6.98 

6.93 

6.47 

6.81 

6.70 

0.93 

6.99 

73.  2 

6.  23 

6.  23 

6.23 

6.23 

6.23 

6.32 

6.05 

.S.60 

5.55 

6.27 

72.5 

6.00 

5.  89 

6.19 

6.23 

6.62 

5.67 

5.63 

5. 31 

.•V.17 

4.84 

70.7 

5.77 

5.65 

5.60 

5.62 

5.92 

5.74 

5.31 

.5.11 

4.02 

4.C7 

62.0 

5. 18 

5.31 

5.31 

5.47 

5.54 

5.36 

4.61 

4.45 

1    4.38 

4.12 

63.0 

5.  (.8 

5.20 

5.02 

4.98 

5.31 

5. 23 

4.05 

4.65 

>    4.35 

4.12 

57.0 

3.92 

3.92 

3.92 

3.87 

3.74 

3.54 

3.28 

3.11 

2.87 

2.70 

53.0 

4.04 

4.  .'17 

4. 15 

4.13 

4.02 

3.88 

.3.76 

8.60 

8.67 

8.46 

58.9 

4.38 

4. 36 

4. 23 

4.10 

3.95 

4.03 

8.02 

3.77 

3.64 

8.57 

56,0 

3.92 

3.92 

3.92 

3.96 

3.98 

3.92 

3.87 

8.69 

3.47 

8.40 

56.0 

3. 92 

4.23 

4.02 

3.97 

3.98 

4.06 

4.08 

4.04 

3.82 

3.C8 

67.0 

4.15 

3  89 

3.72 

X  75 

3.82 

3.84 

3.80 

8.67 

3.53 

8.14 

55.7 

3.92 

3.  92 

3.92 

3.92 

3.82 

3.69 

3.60 

3.00 

3.58 

3.57 

49.5 

4.  03 

3.  93 

3.83 

3.73 

3.  72 

3.63 

3.53 

3.42 

3.32 

3.31 

53.0 

3.83 

3  71 

.3.61 

3.  50 

3.44 

3.49 

3.41 

3.37 

3.26 

8.15 

48.0 

3.C2 

3.  62 

3.  62 

3.53 

3.43 

3.33 

3.23 

8.21 

3.21 

3.21 

47.5 

3.  62 

3.62 

3.  53 ' 

3.  52 

3.  52 

3.44 

3.41 

8.41 

3.41 

8.27 

46.9 

3.41 

3.61 

3.  62 

3.  62 

3.62 

3. 5i 

3.45 

8.41 

3.85 

3.25 

49.  5 

3. 1 1 

3.  00 

3.10 

3  00 

2.90 

2.99 

3.20 

3.01 

2.62 

2.21 

47.0 

3.  00 

3.  09 

3.20 

3.21 

3. 05 

3.00 

3.00 

2.04 

2.00 

2.85 

47.4 

3.  00 

3.39 

3.13 

3.02 

3.08 

3.03 

2.86 

2. 02 

2.76 

2.48 

46.0 

3.00 

3.  19 

3.12 

3.18 

3.07 

3.00 

3.11 

3  12 

2.06 

2.82 

47.0. 

3.21 

3. 30 

3.31 

3. 23 

3.29 

3.09 

2.04 

2.84 

2.74 

2.64 

44.5 

3.41 

3  13 

3.02 

3.00 

2.  94 

2.-95 

3.00 

2.01 

2.57 

2.38 

.51.1 

3.10 

3.10 

3.10 

3.10 

3.09 

3.00 

3.00 

2.09 

2.88 

2.77 

48.5 

2.  79 

2.99 

2.80 

2.98 

2.b2 

2.71 

2.61 

2.43 

2.30 

2.20 

49.0 

3.  21 

3.10 

.  3.10 

2. 91 

2.90 

2.80 

2.70 

2.70 

2.60 

2.01 

4a  5 

3.00 

2.  99 

2.89 

2.80 

2.97 

2.82 

2.71 

2.  no 

2.61 

2.50 

49.5 

.3.10 

3.00 

3.  00 

3.00 

3.00 

3.00 

3.00 

2.01 

2.61 

2L49 

47.2 

3.  21 

3.11 

3.  01 

2.92    ' 

2. 82 

2.  72 

2.68 

2.50 

2.69 

2.33 

48.0 

3.21 

3.21 

3.11 

2.83 

2.97 

3.00 

8.00 

3.00 

2.72 

2.32 

48.9 

3.00 

2.79 

2.90 

2.90 

2.00 

2.80 

2.62 

2.40 

2.88 

2.80 

47.4 

3.  00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

2.M 

2.84 

45.4 

2.  79 

2.79 

2.88 

2. 90* 

2.06 

2.94 

2.04 

2.88 

2.60 

2.07 

44.9 

3.00 

3.  (M 

3.00 

3.00 

3.00 

2. 05 

2.83 

2.81 

2.57 

2.47 

49.0 

3.00 

3  00 

3.  00 

3.00 

8.00 

2.01 

2.00 

2.81 

2.62 

2.42 

48.1 

3. 31 

3.21 

3  21 

3.  02 

2.81 

2.71 

2.60 

2..02 

2.59 

2.52 

49.1 

3.10 

3.00 

2.  90 

2.90 

2.80 

2.70 

2.60 

2.40 

2.89 

2.30 

45.5 

3.00 

3.  (»1 

3.08 

2.  93 

2.83 

2.  79 

2.74 

2.65 

2.50 

2.51 

48.0 

3.10 

3.  10 

3.01 

2.  91 

2.90 

2.81 

2.79 

2.72 

2.02 

2.40 

44.5 

3.  31 

3.31 

3.  23 

3.14 

3.04 

2.96 

2.00 

2.00 

2.80 

2.79 

47.1 

3.  21 

3.  21 

3.21 

3.04 

3.08 

3.03 

-2.04 

2.84 

2.68 

2.34 

46.1 

3.  31 

3.  40 

3.  24 

3.13 

3.10 

3.10 

3.10 

3.03 

2.82 

2.00 

45.4    . 

3.41     . 

3.  51 

3.35 

3.  24 

3.14 

3.10 

3.06 

2.07 

2.87 

2.77 

46.5 

3.41 

3.41 

3.24 

3.29    1 

3.24 

3.21 

3.15 

8.05 

2.00 

2.85 

45.2 

3.41 

3.41 

3.50 

3.37 

3.31 

3.31 

3.27 

8.21 

3.19 

3.09 

45.5 

3.62    , 

3.  .W 

3.60 

3.  f.5     ■ 

3.39 

3.26 

3.26 

8.27 

3.18 

3.05 

49.7 

3.  02 

3.72 

■  3.41 

3.41 

3.41 

3.31 

8.21 

3.10 

8.00 

2.91 

46.1 

3.72 

3.72 

3.55    1 

3.52 

8.32    1 

3.21 

8.10 

8.00 

2.93 

2.75 

Means— 53.65 

3.989 

4.002 

8.976 

3.041 

3.002 

8.318 

3.785 

8.831 

8.484 

a.M9 
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Velocities  in  feet  per  second  at  each  tenth  of  depth,  ^c, — Continaed. 

STATION  18. 


Depth. 

Sarface. 

.1 

.2 

.8 

.4 

.6 

.6 

.7 

.8 

.0 

67.0 

7.22 

7.47 

7.40 

7.45 

7.64 

7.62 

7.27 

7  29 

6.00 

7.42 

65.0 

6.93 

7.16 

7.30 

7.49 

6  UO 

6.64 

6.48 

6. 34 

6.14 

5.83 

67.5 

7  62 

7.17 

6.90 

7.23 

'  6.  CO 

6  50 

6.69 

6.62 

0.24 

5.85 

64.0 

6.93 

0.93 

6.93 

6.93 

6.91 

6.70 

6.62 

6.47 

6.32 

6.23 

63.1 

7.04 

0.70 

6.70 

'0.70 

7.12 

6.31 

6.06 

6.33 

6  08 

5.65 

60.5 

5.77 

5.77 

5.68 

5.54 

5.54 

5.54 

5.48 

5.18 

4  93 

5.25 

61.0 

5.77 

5.54 

5.64 

5.02 

5.33 

4.84 

4.73 

4.80 

4.67 

4.38 

68.1 

5.77 

5.10 

5.16 

4.85 

5.15 

6.31 

4.86 

4.82 

4.54 

4.38 

56.0 

5  31 

5.05 

4.85 

4.76 

4.  73 

4.77 

4.64 

4.81 

4.85 

4.14 

52.0 

4  85 

4.95 

4.1:8 

4.40 

4.47 

4.33 

4.20 

4.25 

3.84 

3.65 

49.2 

4m 

5  U8 

5.31 

5.10 

5.30 

5.70 

4.97 

4.86 

4.6* 

4.52 

45.5 

5.19 

6  08 

5.08 

4.91 

5.14 

5.18 

4.98 

4.76 

4.58 

4.48 

44.0 

4.61 

4.01 

4.43 

4.38 

4.-0 

4.23 

4.  32 

4.15 

4.14 

3.94 

40.0 

3  (i9 

3.69 

3.t)0 

3.95 

3.78 

4.  15 

3.79 

3.69 

3.61 

8.42 

40.9 

3.57 

3  31 

3.08 

2.99 

3.06 

3.22 

3.02 

2.92 

2.82 

2.72 

39  0 

3.92 

4.01 

3.83 

3.73 

3.82 

3  69 

3.87 

3.79 

3.60 

3.89 

41.0 

3.92 

3.  92 

3.92 

3.87 

3.83 

3  89 

3.71 

3  52 

3.39 

8.27 

40.6 

3.69 

3.88 

3.85 

3.85 

3.86 

3.66 

3.29 

3  23 

.3.11 

2.02 

40.4 

3.92 

3.*^2 

3.80 

3.74 

3.69 

3.70 

3  98 

3  60 

3.30 

3.21 

^9.6 

8.69 

3.69 

3.69 

3  e4 

3.  55 

3.48 

3.37 

3  34 

3.22 

2.05 

40.0 

3.40 

3  46 

3.46 

3  41 

3.  34 

3.34 

3.06 

2.99 

2.90 

2.71 

42.9 

3.02 

3  44 

3.33 

3.  37 

3.41 

3.  :J9 

2.1»7 

2.79 

2.70 

2.62 

44.0 

3.41 

3  32 

3.31 

3.25 

3.  10 

2.  92 

2.79' 

2.76 

2.58 

2.40 

43.0 

3  41 

3.41 

3.34 

3.31 

3  27 

3.  15 

3.00 

3.00 

2.91 

2.82 

39.9 

3.21 

3.21 

3.JI 

3.17 

3.()8 

3  00 

2  76 

2.69 

2.65 

2.57 

4aR 

3.00 

3  00 

2.  94 

2.85 

2.76 

2.70 

2.78 

2.65 

2.53 

2.44 

39.5 

3.21 

3.05 

3  00 

2.92 

2.74 

2.  50 

2.48 

2.32 

2.  22 

2  06 

36.1 

2  00 

2.90 

2.  85 

2.79 

2.  79 

2.  .14 

2.  .38 

2.38 

2.38 

2  21 

37.9 

2.  59 

2.  59 

2  59 

2.  59 

2.  .''.9 

2.  ,'')9 

2  59 

2.46 

2.18 

2  34 

37.5 

3  21 

3  05 

2.90 

2.79 

2.  79 

2.64 

2.  r4 

2.48 

2.48 

2.41 

36.5 

2.90 

2.00 

2  85 

2.79 

2.  79 

2.72 

2.65 

2.58 

2.50 

2.42 

34.0 

3.10 

3.  ('3 

2.89 

2.69 

2.  6!) 

2.65 

2.57 

2.43 

2. 34 

2.27 

81.2 

2.79 

2.79 

2.79 

2.79 

2.79 

2.79 

2.  79 

2.72 

2.50 

2.50 

33.0 

2.59 

2.  72 

2.79 

2.79 

2.79 

2.70 

2.49 

2.55 

2.41 

2.00 

37.0 

2.79 

2.  95 

2.  90 

2.79 

2.79 

2.  72 

2.65 

2.59 

2.59 

2.41 

8&5 

2.09 

2  93 

2.  O.l 

2.80 

2.58 

2  50 

2.  42 

2.38 

2.36 

2.20 

35.1 

2.79 

2.79 

2.79 

2.79 

2.79 

2.74 

2.67 

2.60 

2.59 

2.50 

35.9 

3.00 

3.00 

2.91 

2.  79 

2.79 

2.79 

2.73 

2  i9 

2.59 

2.40 

34.5 

2.79 

2.05 

2.  .^.0 

.2.40 

2.62 

2.55 

2.38 

2.38 

2.22 

2.01 

34.5 

2.59 

2.59 

2.55 

2.47 

2.40 

2  38 

2.37 

2.  .30 

2.22 

2.15 

32.1 

3.00 

2  73 

2.59 

2.  :>9 

2.53 

2.46 

2.40 

2.  38 

2.37 

2.31 

34.0 

2.  69 

2.  60 

2.  6.-> 

2.  r!9 

2.59 

2.55 

2.47 

2.40 

2.34 

2.27 

34.0 

2.00 

2.83 

2.79 

2.78 

2.65 

2.  55 

2.46 

2.33 

2.14 

1.92 

33.0 

2.79 

2.  79 

2.79 

2.  79 

2.06 

2.  53 

2.  39 

2.  32 

2.25 

2.  18 

32.0 

3.00 

3.00 

3.  (-0 

3.00 

2.88 

2.  75 

2.  62 

2.  54 

2.47 

2.36 

35.0 

2.  90 

2. 1  0 

2. 82 

2.  68 

2.61 

2  54 

2. 46 

2.  .39 

2.25 

2.11 

33.1 

3.21 

3.07 

3  (10 

3.  (to 

3.00 

2.  90 

2.70 

2. 63 

2.53 

2,39 

32.1 

3.10 

3.04 

2.94 

2.81 

2.79 

2.  75 

2.  62 

2.  .54 

2. 45 

2.28 

33.2 

3.21 

3.  21 

3.14 

3.00 

2.80 

2.  79 

2.79 

2. 73 

2.66 

2.59 

34.5 

3.31 

3.  23 

3.  J3 

2.98 

2. 84 

2.  71 

2.  58 

2.  50 

2.33 

2.10 

33.8 

3.00 

3.(10 

3.00 

3.00 

2.  85 

2.71 

2  58 

2.51 

2.40 

2.26 

33.0 

3.  ;{i 

3.  88 

3.38 

3.  23 

3.21 

3.12 

2.91 

2.71 

2.56 

2.49 

34.1 

3.41 

3.  34 

3.27 

3.20 

3.00 

2.91 

2.78 

2  71 

2. 65 

2.58 

33.2 

3.41 

3.41 

3.38 

3.31 

3.24 

3.17 

3.10 

3.04 

2.93 

2.70 

84.5 

3.52 

3.44 

3.37 

3.30 

3.15 

3.10 

3.07 

2.93 

2.84 

2.77 

35.0 

3.62 

3.55 

3.48 

3.39 

3.04 

3.11 

2  98 

2.91 

2.83 

2.74 

84.0 

3.62 

8.46 

3  41 

3.39 

3.27 

3.08 

2.87 

2.66 

2.60 

2.59 

Heans<=41.86 

3.832 

8.786 

8.780 

8.689 

3.628 

8.540 

3.424 

1 

8.345 

8.210 

8.088 
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Velocities  in  feet  per  second  at  each  tenth  of  depth,  eft;. — Continued. 

STATION  20. 


Depth. 

Sur£iic«. 

.1 

.2 

.3 

.4 

6.91 

.6 

.6 

.7 

.8 

.9 

63.9 

5.89 

6.44 

6.95 

7.20 

6.92 

6.97 

6.40 

6.67 

6.69 

62.0 

6.29 

6.47 

6.54 

6.79 

7.07 

7.20 

7.27 

6.99 

6.70 

6.86 

53.0 

6.35 

6.58 

6.63 

7.00 

7.22 

7.03 

6.88 

6  77 

6.64 

6.63 

52.8 

6.47 

6.58 

6.65 

6.75 

6.47 

6.41 

6.37 

6.64 

6.42 

6.29 

63.0 

6.47 

6.47 

0.47 

6.44 

6.22 

6.07 

6.19 

6.03 

6.77 

&77 

54.6 

6.47 

6.13 

6.21 

6.11 

6.02 

5.07 

6.07 

6.23 

6.04 

5.81 

49.5 

6.47 

6.47 

6.24 

6.23 

6.45 

6.24 

6.46 

6.26 

6.23 

6.02 

4a5 

5.77 

6.23 

6.02 

6.64 

6.30 

6.63 

&33 

6.28 

6.05 

5.82 

45.0 

5.08 

5.50 

5.36 

5.89 

5.63 

5.31 

4.85 

.4.86 

4.86 

4.85 

46.0 

5.31 

5.20 

4.92 

5.09 

5.33 

5.13 

6.08 

5.23 

6.00 

4.56 

45.0 

4.85 

4.95 

4.88 

4.53 

4.52 

4.61 

4.61 

4.61 

4.84 

4.13 

30.0 

4.85 

4.85 

4.76 

4.56 

4.42 

4.25 

4.07 

8.90 

8.74 

3.68 

8&0 

4.38 

4.38 

4.27 

4.17 

4.25 

4.20 

4.15 

4  14 

3.97 

8.92 

8&9 

4.88 

4.56 

4.61 

4.50 

4.26 

4.17 

4.08 

4.04 

4.01 

8.92 

35.1 

4.61 

4.61 

4.57 

4.49 

4.40 

4.32 

4.22 

4.06 

4.11 

4.U 

20.0 

3.46 

3.46 

3.42 

3.30 

3.18 

3.12 

3.05 

2.97 

2.84 

2.72 

28.0 

3.92 

3  85 

3.7C 

3.57 

3.43 

3.36 

8.38 

3.45 

3.08 

2.96 

29.0 

3.46 

3.60 

3.69 

3.69 

3.61 

3.48 

3.46 

8.46 

3.46 

3.40 

28.0 

.3.80 

3.74 

3.69 

3.69 

3.66 

3.59 

3.53 

3.47 

8.29 

3.10 

20.2 

3.60 

3.69 

3.69 

8.69 

8.67 

3  55 

3.44 

8.38 

3.26 

3.03 

26.2 

-     3.34 

3.34 

3  34 

3  28 

3.18 

2.94 

2.76 

2.69 

2.63 

2.56 

2&5 

8.52 

3.38 

8.29 

3.23 

3.15 

3  03 

2.88 

2.60 

2.36 

2.10 

2ao 

3.31 

3.31 

3.28 

3.17 

3.05 

2.94 

2.86 

2.80 

2.74 

2. 60 

26.0 

3.00 

3.00 

2.99 

2.88 

2.78 

2.73 

2.68 

2.63 

2.66 

2.47 

24.3 

3.21 

3.11 

8.01 

2.90 

2  80 

2.79 

2.79 

2.71 

2.60 

2.49 

23.9 

2.59 

2.59 

2.59 

2.50 

2.40 

2.34 

2.29 

2.17 

2.02 

1.86 

23.8 

2.59 

2.59 

2.59 

2.59 

2.59 

2.51 

2.41 

2.8*1 

2.21 

2.U 

24.0 

2.48 

2.43 

2  38 

2.42 

2.41 

2.44 

2.39 

2.38 

2.88 

2.80 

2ai 

2.69 

2  54 

2.49 

2.44 

2.40 

2.38 

2.38 

2.36 

2.31 

2.26 

23. 0 

2.09 

2  59 

2.50 

2.44 

2.40 

2.32 

2.22 

2.15 

2.10 

2.06 

21.0 

2.38 

2.88 

2.38 

2.33 

2.  24 

2.15 

2.06 

1.97 

1.84 

1.70 

20  5 

2.59 

2.59 

2.50 

2.59 

2.59 

2.!»7 

2.45 

2.32 

2.33 

2.15 

22.0 

2.79 

2.70 

2.61 

2.55 

2.51 

2.46 

2.42 

2.80 

2.27 

2.16 

23.1 

2.59 

2.64 

2.68 

2.57 

2.43 

2.28 

-2.13 

2.04 

1.99 

1.94 

22.8 

2.38 

2.43 

2  47 

2.44 

2.4& 

2.26 

2.07 

1.92 

1.83 

1.74 

21.9 

2.59 

2  50 

2.41 

2.81 

2.22 

2.17 

2.17 

2.16 

2.12 

2.06 

22.5 

2.38 

2.33 

2.29 

2.21 

2.11 

2.04 

1.99 

1.89 

1.71 

1.53 

24.5 

2.48 

2.53 

2.59 

2.49 

2.39 

2.29 

2.18 

2.17 

2.17 

2.06 

22.9 

2.28 

2.37 

2.46 

2  44 

2.40 

2.26 

2.07 

1.90 

1.75 

1.61 

20.4 

2.38 

2  38 

2.38 

2.33 

2.25 

2  16 

2.08 

1.09 

1.02 

1.85 

20.6 

2.38 

2.38 

2  38 

2.33 

2.24 

2.17 

2.17 

2.17 

2.12 

2.05 

19  9 

2.59 

2.55 

2.50 

2.40 

2.24 

2.07 

1.05 

1.83 

1.71 

1.60 

20.0 

2.59 

2.59 

2.59 

2.55 

2.46 

2.38 

2.21 

2.04 

1.88 

L76 

20.2 

2.48 

2.48 

2.48 

2  46 

2.42 

2.38 

2.34 

2  30 

2.24 

2.16 

20.5 

2.48 

2  44 

2.40 

2.33 

2.25 

2.16 

2.12 

2  08 

1.98 

1.67 

19.2 

2  59 

2.59 

2.59 

2.56 

2.48 

2.40 

2  35 

2.31 

2.27 

2.28 

20.8 

2.48 

2.48 

2.48 

2.46 

2.41 

2.36 

2.23 

2.10 

1.06 

L92 

19.8 

2.69 

2.65 

2.61 

2.57 

2.  b'i 

2.50 

2.44 

2.40 

2.36 

2.29 

22.5 

2.79 

2.70 

2.61 

2.55 

2.50 

2.43 

2  84 

2.25 

2.16 

2.06 

21.1 

3.00 

2.91 

2.82 

2.76 

2.72 

2.60 

2.53 

2.39 

2.84 

2.30 

20.1 

3.00 

2.92 

2.83 

2.77 

2.73 

2.67 

2  60 

2.62 

2.46 

2.40 

20.8 

3.00 

2.91 

2.83 

2.77 

2.72 

2.67 

2.59 

2.60 

2.43 

2.36 

20.8 

8.31 

8.35 

8.39 

3.37 

3.29 

3.20 

8.03 

2.86 

2.71 

2.67 

22.5 

3.52 

3.43 

3.33 

3.27 

3.23 

3.18 

3.19 

2.87 

2.79 

2.71 

21.5 

8.62 

8  57 

3.53 

3.48 

8.44 

3.35 

3.21 

8.10 

3.02 

2.08 

22.0 

3.41 

8,37 

3.32 

6.28 

3.23 

8.16 

8.01 

2.88 

2.74 

2.60 

M«aiiSB:29.33 

3.608 

8.623 

8.505 

8.669 

8.511 

8.486 

8.866 

8.208 

8.149 

8.0M 
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VelaoiiiM  in  feet  per  eeoond  at  each  tenth  of  depth,  4^, — Continued. 

STATIOK  22. 


Depth. 

SorfiMe. 

.1 

.2 

.3 

.4 

1 

.5 

.6 

.7 

8 

.0 

44.0 

5.42 

5.88 

6.08 

6.65 

6.78 

6.57 

6.80 

6.16 

6.05 

5.91 

4&0 

6.23 

6.19 

6.11 

6.08 

6.93 

5.89 

5.89 

5.02 

6.88 

6.57 

45i5 

a  12 

5.92 

6.07 

6.55 

6.99 

7.03 

6.83 

6.61 

6.41 

6  20 

45.5 

6.00 

6.52 

6.68 

6.88 

6.93 

6.67 

6.36 

6.14 

6.94 

6.70 

43.8 

6.00 

6.20 

6.26 

6.32 

6.17 

8.00 

5.93 

5.79 

5.89 

5.00 

45.5 

aoo 

6.32 

6.16 

6.21 

6.27 

5.89 

5.92 

5.88 

5.08 

6.42 

46.0 

6.23 

6.13 

5.98 

6.71 

5.88 

&00 

5.93 

5.87 

5.72 

5.61 

42.5 

6.23 

6.23 

6.23 

6.30 

&35 

6.88 

6.47 

6.47 

6.44 

6.17 

415 

5.77 

0.06 

6.04 

5.87 

5.77 

5.72 

5.63 

6.20 

5.86 

5.77 

42.5 

5.77 

5.77 

5.25 

5.60 

6.28 

6.72 

6.69 

6.93 

5.70 

5.77 

42.0 

5.54 

5.92 

5.83 

5.65 

5.46 

5.28 

5.18 

4.68 

4.28 

4.40 

40.0 

4.38 

5.11 

5.17 

5.08 

4.91 

4.15 

4.33 

4.38 

4  58 

4.90 

38.1 

5.08 

5.61 

5.53 

5.23 

5.07 

4.90 

4.72 

4.53 

4.85 

4.17 

85.8 

4.85 

4.85 

4.65 

4.38 

4.38 

4.32 

4.45 

4.85 

4.17 

3.60 

8&8 

4.38 

4.40 

4.54 

4.43 

4.20 

4.28 

4.24 

3.92 

8.83 

8.75 

30.0 

4.61 

4.47 

4.38 

4.38 

1    4  07 

3.69 

8.55 

3.43 

3.37 

aso 

20.0 

4.61 

4.61 

4.55 

4.43 

4.33 

4.27 

4.33 

4.34 

4.20 

4.05 

sao 

4.15 

4.22 

4.27 

4.27 

4.18 

4.04 

3.97 

3.90 

3.80 

3.76 

20.5 

4.27 

4.33 

4.38 

4.38 

4.30 

4.16 

4.03 

3.90 

3.83 

3.76 

20.0 

4.38 

4.64 

4.78 

4.51 

4.30 

4.17 

3.09 

8.78 

3.58 

3.40 

21.0 

2.99 

3.09 

3.19 

3.17 

3.07 

2.97 

2.87 

2.77 

2.66 

2.55 

21.0 

8.69 

3.69 

3.69 

3.00 

3.^5 

3.30 

3.16 

3.01 

2.85 

2.60 

21.5 

3.46 

3.36 

3.26 

3.23 

3.23 

3.19 

3.09 

2.09 

2.82 

2.66 

20.8 

3.69 

3.59 

3.50 

3.43 

3.38 

8.31 

3.17 

3.02 

2.63 

2.70 

21.1 

3.34 

3.29 

3.25 

3.20 

3.15 

3.08 

2.99 

2.89 

2.80 

2.72 

20.1 

3.23 

3.27 

3.82 

3.29 

8.20 

8.11 

3.06 

3.01 

2.87 

2.40 

2ao 

2.88 

2.88 

2.88 

2.86 

2.81 

2.76 

2.72 

2.67 

2.61 

2.53 

19.5 

3.23 

3.14 

3.04 

2.90 

2.99 

2.99 

2.01 

2.82 

2.74 

2.67 

19.0 

2.88 

2.83 

2.79 

2.76 

2.76 

2.76 

2.70 

2.61 

2.51 

2.28 

23.5 

3.62 

3.52 

3.42 

3.33 

3.23 

3.10 

2.96 

2.81 

2.66 

2.52 

22.2 

3.21 

3.21 

3.21 

3.21 

3.21 

3.09 

2.86 

2.65 

2.40 

2.17 

20.9 

2.79 

2.79 

2.79 

2.79 

2.79 

2.78 

2.74 

2.70 

2.63 

2.56 

17.2 

2.90 

2.90 

2.90 

2.79 

2.75 

2.72 

2.67 

2.56 

2.46 

2.35 

l&l 

3.21 

3.05 

2.92 

2.76 

2.65 

2.54 

2.42 

2.30 

2.19 

2.10 

17.0 

2.38 

2.31 

2.  24 

2.17 

2.09 

2.02 

1.91 

1.80 

1.66 

1.53 

16.2 

2.17 

2.17 

2.17 

2.17 

2.05 

1.92 

1.78 

1.62 

1.45 

1.28 

15.0 

1.96 

2.06. 

2.15 

2.25 

2.26 

2.23 

2.19 

2.12 

1.96 

1.80 

15.2 

1.96 

2.06 

2.09 

2.15 

2.10 

2.01 

1.91 

1.83 

1.75 

1.68 

14.5 

].86 

1.86 

1.86 

1.86 

1.84 

1.81 

1.79 

1.75 

1.67 

1.59 

16.9 

1.96 

1.96 

1.96 

1.96 

1.89 

1.82 

1.75 

1.66 

1.57 

1.49 

1&5 

2.07 

2.10 

2.13 

2.16 

2.12 

2.05 

1.99 

1.93 

1.88 

1.83 

16.0 

2.38 

2.31 

2.25 

2.18 

2.06 

1.92 

1.79 

1.59 

1.87 

1.14 

17.4 

2.17 

2.17 

2.17 

2.16 

2.05 

1.94 

1.85 

1.82 

1.78 

1.75 

17.1 

2.17 

2.21 

2.25 

2.27 

2.16 

2.05 

1.95 

1.92 

1.91 

1.85 

15.9 

2.17 

2.17 

2.17 

2.17 

2.14 

2.11 

2.08 

2.01 

1.92 

1.72 

10.5 

1.96 

1.96 

1.96 

1.96 

1.93 

1.89 

1.86 

1.75 

1.64 

1.52 

15.5 

2.17 

2.17 

2.17 

2.17 

2.15 

2.11 

2.08 

1.98 

1.84 

1.66 

17.1 

2.07 

2.03 

1.99 

1.95 

1.89 

1.82 

1.74 

1.59 

1.45 

1.31 

15.1 

1.96 

1.06 

1.96 

1.96 

1.92 

1.86 

1.80 

1.70 

1.54 

1.38 

14.8 

1.86 

1.89 

1.92 

1.95 

1.92 

1.86 

1.80 

1.74 

1.66 

1.58 

15.1 

1.76 

1.76 

1.76 

1.76 

1.68 

1.55 

1.42 

1.30 

1.18 

1.10 

15.3 

/  1.96 

1.96 

1.96 

1.96 

1.94 

1.91 

1.88 

1.82 

1.75 

1.65 

15.5 

2.28 

2.25 

2.21 

2.18 

2.15 

2.11 

2.08 

2.04 

1.98 

1.92 

15.2 

2.38 

2.32 

2.25 

2.19 

2.12 

2.06 

2.00 

1.04 

1.89 

1.80 

15.0 

1.76 

1.79 

1.82 

1.85 

r    1.84 

1.81 

1.78 

1.74 

1.60 

1.63 

15.2 

1.86 

1.83 

1.80 

1.77 

1.74 

1.70 

1.67 

1.63 

1.58 

1.53 

16.1 

2.17 

2.14 

2.11 

2.07 

2.04 

2.00 

1.97 

1.87 

1.77 

1.66 

16.1 

2.07 

2.03 

2.00 

1.96 

1.93 

1.90 

1.87 

1.86 

1.86 

1.70 

16.2 

2.38 

2.38 

2.38 

2.38 

2.25 

2.12 

1.98 

1.86 

1.76 

1.65 

16.1 

2.38 

2.38 

2.38 

2.38 

2.35 

2.32 

2.29 

2.21 

2.13 

2.04 

15.8 

2.59 

2.56 

2.52 

2.49 

2.43 

2.36 

2.30 

2.25 

2.21 

2.16 

16.4 

2.69 

2.62 

2.55 

2.48 

2.45 

2.42 

2.38 

2.30 

2.25 

2.13 

16.8 

2.90 

2.83 

2.76 

2.69 

2.66 

2.62 

2.59 

2.52 

2.45 

2.37 

17.0 

2.90 

2.86 

2.83 

2.79 

2.75 

2.72 

2.68 

2.61 

2.54 

2.47 

1&8 

2.69 

2.65 

2.61 

2.58 

2.53 

2.49 

2.45 

2.42 

2.38 

2.34 

leaDa=  24.08 

3.372 

3.414 

3.301 

3.374 

3.333 

3.251 

8.181 

3.087 

2.037 

2.836 
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Velocities  in  feet  per  aecond  ateavk  tenth  of  depth,  ^c. — Contimied. 

STATIOy  24. 


Depth. 


37.2 
v).fi 
:{7.  Ti 
-VJ :» 
:*:  0 
rj7.  >• 
37  ii 

:r..  3 
:m.  o 

:'8.4 

22.0 

•el    O 

2iO 

::u.  0 

13.  s 

14.0 
14.8 

14.  .1 
14.0 
13.1 

12  2 

rl2 

12.2 
14.9 
14.  A 
13. .'. 
12.1 
10. 2 

o.r. 

0.0 

1).  3 
i^  II 

!•».  1 
10.  1 
lo.u 

10.  1 
10.1 

:u.  0 
i». .% 

II.  M 

«.  .'• 
%'* 
10.O 
11.2 
11.8 
12.0 

MeaDB— 17.  t^ 


Sarf  ice. 


4. 79 
.*;.  r*j 

fi.  31 
S.  31 
.'i.72 

5.  .'kj 

.".  31 

4  rs 

4.  l.=i 
4  -.-, 
4.61 

4.:>'» 

4.  •j7 
4  '4 
3.40 

2.  30 
2.:;' I 
•J.  r.3 
J.  ;40 

L'.  .'.It 
•J.  I^ 
2.  m7 
2.  IS 
2  r,i 

•I     "ill 

2.:> 
i.i-e 
i.>c 

1.76 
1.14 

1.14 
L.-.fi 
1.76 
1.;.4 
l.;:4 

i.-jr. 

1.  :a 
l.::4 

i.r;» 
i.:i4 

1.34 
1.34 
1.14 
l.L'4 
1.4.*. 

1  :.5 

I  1»6 

- .  <k~ 

2.  u7 


Tk  rj9 

5. 67 
•>.  :}* 
.1  3^ 
.'■  .'  > 
.".  ••7 
5  40 
6.  ou 
.">.  47 
4.W 
4  .".7 
4  ^ » 
4  47 
4  .i3 
4.  .:■-' 
4.«f4 
3.  4*' 
2. .!'» 
■•  '.' 

2  rci 

)1.  3i> 
2.  ::•• 
2. 1>» 
2.10 
2.  l.T 
J.  .\» 
■J  :•:♦ 
•J  ..-» 
1  !"'. 
1   *4 

1.7:: 

1.  14 

i.iii 
1  :.i 

1.67 
l.'Jfl 
i.:{<> 

1.41 
1   43 

1  :... 
i.;:j 

1,34 

i.;:j 

1.  3  j 

1.  'Ji* 
i.'j.* 

1.20 
1.  42 
L.'k? 
l.'.iS 
J  23 
2.117 


.2 


5.30 
*i.  1 1 
0.61 
S.  42 
5.61 
.'.71 
.=i.  28 
.1.*2 
S.  .'4 
5.12 
4.67 
4.M 
4.  SjS 
4.-> 
4.37 
4.»«4 
3.46 
2..3'» 
LV  3" 

2  r^j 

•J.  ,to 
2  3m 

2.  :* 

■J  12 
2.  1  i 
2  47 
U.  .V* 
•J.  3** 
l.f*? 
l.^l 
1.67 
1.14 
1.1'. 
1.47 

I-.t: 

1. 2:. 
1  1:6 

1.37 
1.41 
1.-J6 
1.  ;<it 
1.34 

i.;..t 
1  2i» 
1.2.'. 

1.  16 

1.17 
1.40 
1.  00 
2. 10 
2. 1> 
2.u7 


2.tlV       U.M6       U.M2 


.3 


.*>  30 
.'».  •-♦3 
5.67 
.'».47 

.-.  .-►& 
.'.-1 
f,     6 

it  .'1.) 
.-I    «■• 

'       •    t 

4.1'. 
4.  r.-. 

4.:- 

4.L3 
4.  :> 

4.01 

.3-44 
2.:v) 
2.  30 
2.  .v^ 

2.  3t 
2.  3o 
2.  iH 

2.  i:> 

2.1- 
2.41 
2.  5'.« 
2..3S 
l.W 
1.79 

1  <i:{ 
1.11 
I.I1' 
1.41 
1.4s 

i.-:n 
1.1:2 

1.  3  J 
1.3.^ 

1.-2 
1.2- 
1.34 
1.2^ 
1.17 

1.  20 
1.1:5 
l.r: 
1,37 
1.47 

2.  vA 

2  13 
2.»'7 


2.7e7 


.5 


O.i..'. 

.1. !  6 
.'  72 
.'1  ti:j 
."».  72 
.'>.  tJ* 
.1.19 
5.64 
5.  i-l' 
4.tf7 
4.4<i 
4  74 
4.31 
4.1- 

4  :  •* 

3  !'.-. 
3.3- 

2.  .30 

•1   •!.; 

2.  4i« 

2.34 
»>  .1- 

2.17 

1M> 

J.  «»7 

1'.  42 

1'.  4:* 
.1  'ft 

I.W 
1.  76 
1 .  .'^11 
1.14 
1.  (.'." 
1.3.- 
1.  •> 

l.l.T 
1  1.- 
l.lP 

l.::fi 
1.1s 
l.i'u 
i.:;4 
1.  i''i 
I.2.". 
1.16 

l.Oli 

1.2-» 
1.3.'. 

1.4T 

•J.  n- 
11.07 


5.  3.* 
.5.95 
5  76 
.\66 
.\  75 
.'^63 
r..  lu 
5.72 
■■.  79 
4.  .%3 
4  .11 
4.61 
4. 1-^ 
4.13 


3.:i4 

u.:;o 
2.16 
2.  42 
2  4-' 
1!  11 
2.  5 
2.13 
2.1^4 
2.33 
2. 34 

•»    •»! 

•••   ■•  V 

I.t'. 
1.74 
1.  .V 
1  14 
l.KJ 
1.  3L' 
1.31 
1. 10 
1.  14 
1.24 
1  34 
1.1.'. 

1.  2  J 
1.34 
1.14 
1.16 
1.11 

i.i-r* 
1.06 

1.26 
1.34 
1:.  t>4 

i»  «»;{ 

2.  c.'i 


.6 


5.45 

.\9l 

5.  •  ( 

5.02 

5.  .57 

.''..  45 

5lU 

5.  7J 

."».  7o 

4.1'7 

4.07 

4.47 

4.  iJ 

4. 1" 

4  13 

3.  £4 

♦.  L'5 

2.30 

2.  IV, 

2.:"5 

2.47 

2.14 

2. 12 

i07 

2.1'1 

i20 

2.1* 

2  15 

1.77 

1.71 

1.51 

1.14 

l.'-.i 

1.  L-4 

1. 1:5 

1. 05 

1.10 

1.19 

1.2« 

1. 1.\» 

1.19 

1  J9 

1.10 

l.<i6 

1.U7 

1.01 

1. 01 

1.24 

1.34 

l.f'7 

1.9* 
•1  f,«> 


.7 


5.29 
5w83 

5.(8 
."1.53 
3.35 
.'..  17 
OuOQ 
•I.  .io 
.'..  M 
4.12 
4.02 
4.2^ 
:t.93 
4.03 
4.M 
^  1 1 
3.15 
2.30 
.1.96 
2.28 
1:  S9 

2.19 
2. 1'^ 
K99 
2.U9 
2.02 
2.06 
l.tj*» 
1.'68 
1.4^ 
1.14 
1.03 
1.15 
1.25 
0.98 
I  05 
1.14 
1.24 
1. 21 
1.14 
1.34 
1.14 
a96 
0.91 
U.96 
0.84 
1.24 
l.»4 
l.«7 
1.93 
2.00 


.8 


4.  a 

5.68 
5.42 
5.43 
Sl57 
4.72 
4.97 
fi.40 
5.36 
3.93 
4.16 
4  («3 
3.66 
3.98 
3.96 
3  63 
3.08 
2.30 
1.1:8 
2. 19 
2.16 
1.9C{ 
2.06 
1.9G 
l.!« 
1.97 
1.87 
1.98 
1.60 
1.66 
1.44 
1.04 
1.0U 
1.07 
LI3 
0.89 
l.(H 
1.09 
1.19 
1.18 
1.09 
1.19 
1.09 

ass 

0.87 
0.92 

a«7 

1.20 
1.34 
1.76 
1.88 
L97 


3.53 
5l54 
5.00 
5.35 
5wll 
4.45 
4.88 
.5.20 
5.U8 
3.92 
3.70 
3.78 
3.40 
8.92 
3.91 
3.47 
2  88 
2.00 
1.80 
2.10 
1.83 
1.77 
2.03 
1.90 
l.!3 
l.f-0 
1.71 
1.90 
1..52 
1.63 
1.41 

o.m 

O.UO 
0.96 
1.U6 
a79 
O.06 
1.04 
1.14 
1.13 
1.04 
1.14 

aw 
a67 
a83 
afl7 
ast 

1.15 

1.34 

1.60 
1.84 
1.9S 


2.771       2.721*       2.663       2.5?7       1481 


2.885 


STATION  26. 


2.3.2 

22.  5 

•:r^.  5 

23.  5 
24.8 
1'3.8 

24.  9 

22.4 

•t.f    r 

22.0 

IS.  5 

17.  5 

16.0 

l.'i.O 

9.9 

«\9 

«>.8 

MeaiM=  ia49 


3.  75 

3.82 

3.85 

4  00 

4.15 

4.20 

3.  r-4 

3  61 

3.  r.5 

3.<^ 

3.  53 

3.4^^ 

3.  >-i 

4   14 

4.  45 

4. 45 

4.40 

4.37 

3.  0.- 

4  10 

4.18 

4.16 

4.  33 

4.22 

4.  ('4 

4.16 

4.27 

4.38 

4.  .'.0 

4.  22 

4.15 

4.  34 

4.48 

4.47 

4.45 

4. 50 

3. 1»S 

4.13 

4.26 

3.  09 

3.  (V4 

3.  03 

4.(4 

4  Hi* 

4.14 

4.1'. 

4.  15 

4.  15 

4  r. 

4  15 

4. 15 

4.11 

4.«i4 

4.01 

3. 1*2 

3  '.•2 

3.  {'2 

3.83 

•1.  i>^ 

3.  Ki 

3   Ml 

:!  Ni 

3,8i» 

3.  01 

4.07 

4.  (►n 

3  i>j 

■  .  i..t 

3.  02 

3.90 

3.  :hi 

3.SN1 

3.  40 

:v  jrt 

S  46 

3.45 

3  42 

3.  :;s 

2.  '.•■.« 

2  tfi* 

2.99 

2. 00 

3  09 

3  2(« 

2.  W 

1'  }•;' 

2.P9 

2  o:» 

2  90 

2.09 

3.  46 

3  46 

3.  46 

3  46 

.    8.23 

•    3.00 

2.311 

1\  3') 

2.30 

2.  3t» 

2.30 

2.27 

1;.  07 

1-.  <'7 

2.07 
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Velocities  in  feet  per  second  at  each  tenth  of  depthy  4^c, — Contiuned. 
MEAN  VALUES  OF  STATION  MEANS. 
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5. — Hed  River  Landing,  Louisiana. 

Office  Mississippi  River  Commission, 

Haint  Louisy  Mo. ^  August  Ib^  IS^^. 

;:  I  have  the  honor  to  submit  a  report  on  experimental  work  performed  at  Red 

•  Lauding  and  vicinity,  by  Assistant  John  Ewens,  in  the  season  1881-'82. 

3  work  embraced  the  following;  particuliirs :  Determination  of  velocities  in  ver- 

planes;  bend  soundings  and  transverse  velocity  observations ;  experiments  with 

irrent  meter. 

tical  velociikff. — These  observations  were  ma<le  during  the  period  from  July  12  to 

mber  If,  1882,  at  stages  ranging  from  41  feet  on  the  gauge,  8  feet  below  the  high 

r  of  the  year,  down  to  9  feet,  the  low  water  of  the  year.     They  are  thirfy-five  in 

>er,  thirty-two  of  which  were  on  the  Mississippi  section,  distributed  irregularly 

g  thirteen  of  the  fourteen  veh>city  stations  permanently  located  on  the  section. 

emaining  three  were  taken  at  (me  station  on  the  Atchafalaya  section. 

i  meter  (Ellis,  Nos.  5  and  7)  was  used  throughout,  and  was  run  for  one  minute  at 

foot  in  depth  descending ;  the  series  was  not  repeated  in  ascending. 

i  results  are  shown  iu  detail  on  sheets  Nos.  1-7,  a  plotted  curve  accompanying 

table  of  velocities.*     For  the  jmrpo.se  of  computing  the  mean  velocities  in  some 

where  observations  were  wanting,  values  were  interpolated,  and  in  all  cases  the 
ible  curve  of  velocity  was  continued  to  the  .surface  and  to  the  bottom  ;  portions 
obtained  are  denoted  by  dotted  lines. 
jse  curves  were  divided  vertically  into  tenths,  the  velocities  at  the  points  so  fixed 

tabulated  by  stations,  and  the  mean  for  each  station  computed  and  plotted. 
5  results  a  series  of  thirteen  station  means,  of  eleven  terms  each.  All  the  obser- 
ns  were  then  combined  into  a  single  vertical  or  grand  mean.  The  station  and 
\  means  are  shown  on  pages  8  and  9. 

will  be  obj^erved  that  the  surface  velocity  iu  most  of  these  curves,  and  in  the 
1  mean,  is  distinctly  lower  than  that  at  the  first  tenth.  To  determine  the  form 
3  curve  in  this  part,  the  first  tenth  of  each  curve  was  divided  into  fourths,  and 
lean  velocity  at  the  three  intermediate  points  computed,  giving  velocities  at  1, 
d  3  fortieths  of  depth,  in  addition  to  the  tenths  already  determined.  The  re- 
ig  curve  is  the  dotted  line  1,  2,  3,  shown  in  the  double-scale  curve  on  sheet  No. 
he  form  of  this  partial  curve  shows  that  the  velocity  is  maintained  nearer  the 
ce  than  the  main  curve  would  imi)ly,  and  leads  to  the  suspicion  that  the  ap- 
itly  low  surface  velocity  is  the  result  of  a  constant  error  caused  by  running  the 
r  too  near  the  surface.  (See,  however.  Catamaran  experiment.) 
npntation  of  the  elements  of  the  mean  curve  from  three  points  makes  the  ratio 
e  semi-axis  negative;  the  curve  is  therefore  an  ellipse,  of  which  the  axis  (as- 
i  parallel  to  the  water-surface)  lies  at  not  more  than  one-thirtieth  of  the  depth, 
aean  velocity  is  at  about  six-tenths  of  the  depth. 

*  Not  published. 
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The  form  of  the  Atchafahiya  curve,  as  far  as  the  data  give  it,  does  not  appea 
vary  materially  from  that  of  the  Mississipfti,  the  maximum  velocity  being  near 
surface,  and  the  mean  soniitwhat  hclow  mid-depth. 

Bend  sovndiuys. — The  section  selected  was  at  Brunette  Point,  17  miles  below 


V 


River  Laudin*;.     Soundings  were  made  and  velocities  observed  six  times,  from^/i^-^ 
30  to  October  :U.     The  results  are  presented  graphically  on  pages  10  and  11,    '17/  ' 
section  of  October '.U  was  not  plotted  since,  in  the  absence  of  instruments,  the  souud-^ 
ingH  wtTe  located  by  comparison  with  those  of  a  previous  date,  and  therefore  have^ 
no  indci)endent  value;  the  velocities,  however,  being  doubtless  located  with  siifficieut 
exactness,  were  plotted  for  the  sake  of  extending  the  comparison. 

The  gange-readings  given  in  the  notes  on  this  section  being  fh>m  the  Red  River 
Landing  gauge,  the  eh^  vat  ion  of  water  surface  above  Cairo  datum  was  obtained  by 
comparison  ot  R<m1  River  and  Port  Hickey  gauges,  the  latter  being  corrected  for  S«»p- 
tember  "29  anO  October  :^1,  when  it  was  evidently  in  error,  by  reference  to  tlie  Biiton 
Rouge  gauge  and  comparison  of  readings  at  the  corresponding  stages  in  18^3. 

The  locus  of  maximum  velocity  lies  in  the  convex  Mde  of  the  river,  where  a  notice- 
able till  is  shown  by  the  section  of  September 'JO,  as  the  velocity  decreased. 

The  velocities  through  this  section  were  observed  at  depths  varying  from  3  t^  35 
feet,  and  for  comparison  have  been  reduced  to  mid-depth  by  using  coefficients  de- 
rived from  the  vertical  curves  at  Carrollton,  where  the  conditions  are  somewhat 
similar. 

In  order  to  comiuire  the  How  at  this  st^ction  with  that  at  Red  River  Landing  for  the 
same  dates  the  discharges  were  conii)uted,  with  the  following  results: 


Date. 


Brunetto  lit'ucl. 


I 


May  30 

Juiio  27 

July  '25 

AuffUHt » 

Septnnher  29 


41.31 
41.70 
40.00 
.T.MO 
14.36 


Mean 
velocity. 


5. 38 
5.42 
4.  h6 
3.  «3 
2,  60 


Dischar};e. 


1, 24:>,  224 

1,22H,480 

1,  074, 400 

7.33, 701 

383, 400 


Rvd  Biver  Landing. 


Dit}charfi;c. 


1, 135, 082 

1.002,263 

982,434 

640.  «72 

309.557 


Excess  at  Bru- 
net  te  Bend. 


Cabio        Per 
feet.        cent. 


110. 142 

130, 217 

01,966 

84,009 

78,843 


9.7 
12. 5 

9.4 
13.0 
23.8 


These  diliVn'uces  seem  to  indicate  that  in  sections  of  this  character,  where  the  muiu 
tlow  of  the  river  sets  across  the  convex  and  shoaler  side  of  the  bend,  the  mean  veloc- 
ity in  the  deejier  ])art  of  the  .section  cannot  safely  Ire  assumed  to  be  the  same  function 
ot  the  mid-depth  velocity  as  in  straight  reaches.  Naturally  the  percentage  of  low- 
water  excess  iVdlowB  the  increased  ratio  of  the  volume  below  a  given  subsurface 
plane  to  the  whole  volume  of  the  river. 

In  ord(*r  to  determine  the  eil'ect  of  the  catamaran  skiffs  on  the  current  near  the  sur- 
face, a  series  of  fourteen  rnns  of  sixty  seconds  eaeh  was  made  at  the  depth  of  1^  feet 
at  each  of  the  points  indicated  in  the  following  diagram,  the  results  being  given  in 
the  accompanying  table : 
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AamnDing  that  the  extent  of  the  experlmeat  (14  miuatea)  woald  eliminate  bttots 
■riaiDf^  from  flaotnationa  of  the  current,  the  means  of  thii  table  point  to  a  Hiuall  re- 
tardation between  the  HkiSe  forward  and  an  acceleration  aft.  It  la  possible  that  the 
low  •OT&ce  velocity  noticed  in  the  verMcal  cnrves  may  be  in  some  degree  dae  to  in- 
terference from  tbia  Honrce,  which  would  be  more  marked  in  approaching  the  Bnrface. 

Ellia  meter  No.  5  was  rated  once  and  No.  7  twice  earJy  in  August.  The  rating  of 
No.  7  of  Angust  9  was  nsed  for  all  observations  made  witn  that  instrument ;  the  rat- 
ing Msd  for  No.  5  was  tliat  taken  at  Saint  Lonis,  Mo.,  November  10,  lajl. 
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Appendix  B. 

BEPORT   OF    CAPTAIN   J.  H.  WILLARD,    CORPS    OF    ENOINXBR8,  SECBSTART    OF    CON- 
STRUCTION COMMITTEE. 

[The  Miasiaaippi  BiTer  CommiBaion,  office  of  the  Committee  od  Conatmotion.  20S8  OliYe  atreet.  Saint 

Loaia,  Mo.] 

Saint  Louis,  Mo.,  Oetoher  20,  1884. 

Sir:  In  compliance  with  iustractions  from  the  president  of  the  Commission,  I  have 
the  honor  to  report  the  work  of  this  oiBce  from  November  1,  1883,  the  date  of  the  laRt 
report,  to  September  30,  1884. 

Captain  Scars  continned  in  char^^o  until  April  11,  1884,  when  he  was  transA^rred  to 
the  charge  of  the  third  district.  By  a  resolution  of  the  Commission  November  20^ 
1883,  his  designation  was  changed  from  executive  ottlcer  to  secretary  of  the  commit- 
tee on  constructioD ;  and  in  addition  to  the  duties  of  that  office  he  was  made  assist- 
ant to  the  committee  as  constructing  officer  for  plant,  and  was  charged  with  the  pur- 
chase of  such  material  aud  supplies  as  district  officers  could  not  conveniently  obtain 
for  themselves,  and  with  the  consolidation  and  publication  of  monthly  reports. 

The  floating  and  other  public  property  for  which  he  was  responsible,  not  required 
for  the  general  service,  and  the  public  funds  held  by  him  for  purchases  on  accouut  of 
the  works  of  improvement  wore  transferred  to  the  district  officers,  aud  the  res|>ODHi- 
bility  was  laid  upon  them  for  obtaining  all  supplies  and  material  necessary  for  the 
proper  conduct  ot  their  works,  either  by  direct  purchase  or  through  the  purchasing 
officer  by  timely  requisition,  as  they  might  tind  most  advantageous  and  convenient. 

When  called  upon  for  such  service,  this  office  fills  requisitions  by  methods  suited  to 
the  exigencies  of  the  case  aud  delivers  the  supplies  in  the  most  oxi>editlou8  way,  due 
regard  being  paid  to  economy  of  time  and  money.  The  accounts  when  audited  are 
transmitted  with  certified  bills  and  bills  of  lading,  with  or  without  the  department 
vouchers,  as  may  be  desired,  and  the  district  officer  checks  the  invoices  and  makes  the 
payments.  This  method  appears  to  give  general  satisfaction  and  is  well  adapted  to 
the  system  of  conducting  the  work.  The  accounts  are  simplified,  and  disbursing 
officers,  having  accurate  knowledge  at  all  times  of  the  actual  state  of  their  allotments, 
can  gauge  their  operations  with  greater  freedom  and  economy. 

As  district  officers  are  expected  to  and  generally  do  supply  themselves  with  stores 
and  material  for  the  works  under  their  charge,  purchases  made  through  thisoffiice  are 
usually  on  small  orders  or  for  supplies  that  the  exigencies  of  the  work  require  beyond 
what  may  be  fairly  estimated,  or  for  which  the  district  officers  cannot  provide  stoi'age. 

The  so-called  contract  system  finds  its  limitations  here,  and  if  insisted  upon  will 
serituisly  impede  the  work  of  improvement  and  add  largely  to  its  cost. 

Requisitions  are  filled  by  inviting  projmsals  by  circular  letters  when  time  will  per- 
mit, by  purchase  in  open  market  or  l)y  bargaining  with  the  same  care  for  the  interests 
of  the  Govenmient  that  a  good  business  man  adopts  for  the  protection  of  his  own. 
These  methods  are  geiuTally  required  by  the  exigencies  of  the  service  and  are  sano- 
tioiied  by  law. 

The  districts  above  Cairo  were  included  in  the  general  work  under  the  Commission 
by  tlio  act  approved  July  ;">,  1H*^4.  Bring  more  happily  situated  with  respect  to  cll- 
niufe  and  obtaining  with  littlti  difliculiy  labor,  supplies,  and  stone  for  works  oon- 
dnctt'd  on  a  smaller  scale  than  in  th(.^  lower  river,  they  do  not  require  the  assistance 
of  this  office  and  need  not  be  eon^idered  in  estimating  for  the  general  service. 

The  chief  business  of  this  otlice  is  now  the  management  of  the  general  service, 
consisting  of  steam  tow-boats  and  barges,  and  the  delivery  of  st-one,  wire,  coal,  and 
general  supplies  to  the  distric;ts  below  Cairo. 

Owing  to  the  changes  in  the  organization  of  the  office  which  I  have  mentioned, 
separate  statements  are  given  of  tlio  expenditures  under  Captain  Sears,  as  executive 
ortic.er  from  November  1,  \>i^'i^  to  February  iiO,  lrte*4,  when  the  transfers  v^re  ccmi- 
pleted,  and  as  secretary  and  assistant  from  March  1  to  April  11,  1884,  the  date  of  bis 
relief,  and  from  April  1'^  to  September  30,  1884,  the  period  during  which  I  have  had 
charge.  Under  the  present  arrangement,  the  expenses  of  the  general  service  ai« 
finally  charged  to  the  fii-st,  second,  and  third  districts;  those  for  plant,  outfit,  and 
repairs  being  <livided  equally,  and  the  remainder,  embracing  administration,  inspec- 
tion, and  running  exi>enses  of  the  steamboats,  in  proi)ortion  to  the  service  rendened 
as  computed  from  the  mih?a.i;e. 

Alter  the  transfer  of  public  [>roperty  to  the  several  districts,  there  were  leftfbr  the 
general  service,  the  inspection  and  tow-boat  Mississippi,  the  tow-boat  Minnetonkay 
l)ought  April  10,  \&^A,  affer  a  thorough  trial  of  three  months  under  charter,  fiftv-six 
stone-barges,  one  store-boat,  constructed  out  of  an  old  hull,  aud  one  pumping-boat, 
the  last  two  being  kept  at  the  coal-fleet  at  Cairo. 

The  plant  has  been  kept  in  a  high  stateof  efficiency  by  prompt  and  liberal  expend- 
itures. The  steamboats  are  in  first-rate  order,  and  are  worth  almost  as  much  to  thu 
service  as  when  first  received. 
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The  stoDe-bargea  are  in  fair  condition,  and  are  worth  their  cost  to  the  Government; 
but  from  the  nature  of  the  atTvice  in  which  they  are  engaged,  they  would  probably 
not  fetch  one-third  of  their  first  cost. 

They  have  bad  hanl  usage  in  loading,  in  handling  in  rough  water,  and  in  long  and 
unavoidable  detentions  at  the  works,  both  loaded  and  light.  Constant  attention  has 
been  required  to  keep  them  repaired,  well  calked,  and  seaworthy;  and  in  addition 
to  repairs  made  at  docks  and  ship-yards,  two  men  have  been  kei)t. fully  oc/Dupied  at 
the  fleet  at  Cairo,  calkiug  and  repairing  above  light- water. 

The  plant  at  my  disposal  being  inadequate  to  the  needs  of  the  districts,  I  made 
application  for  a  larco  and  powerful  tow-boat  for  use  on  the  Mississippi  River  for  long 
trips,  and  for  a  small  boat  for  service  between  th<^  quarries  and  the  licet  at  Cairo. 
An  urgent  request  was  also  made  for  increasing  the  number  of  stone-barges.  The 
estimates  received  the  api)roval  of  the  Commission  at  its  session,  Jnl3'  22,  1884,  but 
owing  to  the  co:i  paratively  small  amount  then  available,  the  construction  of  the 
to^-boats  was  postponed ;  the  increase  of  the  barge-lleet  was  :4Dproved,  however,  and 
it  was  resolved  to  build  thirty  model  barjjes  at  a  cost  not  exceeding  $150,000.  Appli- 
cation was  made  to  the  Secretary  of  War  for  authority  to  buy  or  build  under  the 
resolution,  and  was  aj)proved  August  16,  1884. 

The  appropriation  for  the  Missouri  River  having  bectune  nearly  exhausted  early  in 
the  season,  the  plant  required  for  that  work  was  laid  np  at  Bushberg.  While  on  an 
inspection  trip  down  the  river,  it  occurred  to  mo  that  it  would  be  to  the  advantage 
of  the  Government  to  use  the  Missouri  River  stone-barges  during  the  summer  on  the 
Mississippi  improvement.  After  consultation  with  Major  Suter,  the  officer  of  en- 
gineers in  ehargt*,  authority  was  asked  and  obtained  for  temporary  transfer  of  thirty 
barges  to  the  general  service,  with  i)ermi8Mion  to  expend  S*i,400  in  repairs. 

By  the  wonlmg  of  the  act  approved  July  5,  1884,  the  Missouri  River  Commission 
cannot  expend  the  new  appropriation  for  that  river  until  th«^  idans  shall  have  been 
approved  by  Congress,  so  that  these  barges  are  still  at  the  disposal  of  the  general 
service,  an<l  can  1m*  retained  till  navigation  closes,  or  until  called  for,  when  they  will 
Im*  returned  to  the  lleet  at  Bushbeig,  or  will  be  eared  ior  by  the  general  service,  as 
may  be  most  convenient. 

About  ^1,200  have  been  expended  on  them,  and  aw  they  have  been  kept  more  than 
twice  as  long  as  was  contemplated  the  amount  for  returning  them  in  good  order 
should  be  increased  to  $0,000. 

The  cost  of  chartering  fifteen  model  barges  ecpiivalent  in  capacity  to  those  bor- 
rowed would  not  have  been  less  than  SIO/^OO  for  the  time  they  have  been  employed 
Ibr  the  general  service. 

During  the  summer  I  inspected  a  great  number  of  model  barges,  had  lines  and 
dimensions  taken  from  those  most  approved,  and  collected  specifications  from  well- 
known  builders.  After  a  study  of  the  best  models,  I  ]>rej)ared  specifications  and  had 
plans  drawn  which  I  submitted  to  experienced  ship-builders  for  suggestions  and  im- 
provement. 

As  the  <'onstruction  of  new  tow-boats  was  postjioned,  and  the  general  service  had 
the  use  of  Missouri  River  barges,  the  necessity  for  the  new  barges  was  not  so  press- 
ing; and  as  the  amount  of  money  required  lor  the  new  barges  was  so  great,  and  the 
necessity  of  having  boats  that  will  last  for  many  years  so  ])lain,  I  thought  it  wise  to 
delay  construction  until  plans  and  specifications  couM  be  perfected.  The  drawings 
are  now  beinjr  revised  on  complete  specifications,  and  it  is  thought  that  barges  built 
according  to  the  new  designs  will  be  the  best  wooden  barges  atloat  in  these  waters. 
Under  the  circumstances,  the  delay  in  constmcting  them  has  been  to  the  advantage 
of  the  Government  ;  for  had  they  been  put  in  hand  as  soon  as  possible  after  authority 
was  obtained,  the  greater  unmher  would  have  b<H'n  finished  only  in  time  to  cause  ex- 
pense for  care  during  the  winter.  Time  has  also  been  given  for  comparing  plans, 
and  they  can  now  be  built  without  haste  in^season  for  work  next  spring. 

The  amount  already  allotted  for  their  construction  is  considered  ample. 

The  life  of  a  wooden  boat  on  the  Mississi)>])i  is  variously  estimated  at  from  six  to 
nine  yeare,  the  chief  enemy  being  dry-rot.  If  an  entirely  new  plant  were  to  be  con- 
structed, I  should  recommend  either  iron  or  composite  hulls  as  being  the  most  eco- 
nomical in  the  long  run. 

But  the  amount  already  invested  in  plant,  necessarily  built  in  haste,  because  the 
work  of  improvement  was  imperatively  demanded,  is  now  so  great  that  I  do  not  feel 
justified  in  recommending  those  forms  of  construction  except  for  steamboats.  Should 
Congress,  however,  decide  to  set  aj)art  a  large  sum  to  be  applied  in  allotments  for  a 
term  of  years  for  the  improvement  of  the  Mi^si88ippi,  I  think  that  there  can  be  no 
question* but  that  new  plant  should  be  constructed  of  iron,  either  wholly  or  in  part, 
according  to  the  service  required. 

I  must  now  renew  my  earnest  request  for  the  two  tow-boats,  hulls  to  be  of  iron  or 
composite  construction. 

Preliminary  estimates  have  been  made  for  them,  and  drawings  projected;  but  con- 
stmotiOQ  should  not  be  undertaken  until  plans  and  detailed  estimates  have  been 
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For  long  trips,  especially,  a  mnuh  more  powerful  boat  than  the  Mississippi  is  required; 
indeed,  I  recommend  a  larger  boat  tbau  the  Minnetouka ;  and,  in  making-  tlie  prelim- 
inary estimate,  I  have  taken  her  for  a  model,  adding  $12,000  fur  the  increase  io  size 
and  construction  of  hull,  and  $8,000  for  larger  bailors  and  heavier  machinerj. 

The  towing  service  is  attended  with  great  riskn,  and  us  the  Government  does  not 
insure,  the  danger  should  be  rrduced  to  a  minjmum  by  using  boats  with  surplus  ]K>wer. 
The  boats  now  in  f^rvice  can  take  down  stream  from  twelve  to  eighteen  loaded  bargee ; 
but  they  cannot  tow  economically  more  than  from  eight  to  twelve  empty  liargea  ap 
stream  against  a  strong  current  without  carrying  more  steam  than  allowed  on  their 
inspection  papers. 

One  of  the  obstacles  to  the  delivery  of  stone  has  been  the  difficulty  experieneed  ia 
supplying  quarries  with  empty  barges.  By  the  use  of  a  small  boat  of  good  power 
and  light  draft,  about  the  size' of  the  MJKsouri  River  Commission  tow-boat  Stone,  to 
collect  loaded  bargen  at  the  fleet  and  to  distribute  empty  barges  to  the  quarries  on 
both  rivers,  at  least  four  dayn  could  be  saved  on  nearly  every  trip  of  the  large  boats, 
and  the  service  to  the  districts  considerably  increased  and  made  much  more  regular. 

The  small  boat  could  also  take  a  fair  sized  tow  of  eight  or  ten  loaded  barges  to  the 
first  district,  and  even  to  the  second  in  an  emergency,  and  could  bring  back  five  or 
six  empty  barges  against  an  average  current. 

If  built  of  irou,  the  large  boat  would  cost  about  l$()0,000,  and  the  small  boat  not 
much  less  than  $30,000 ;  the  prices  would  be  about  10  i>er  cent,  less,  if  built  with  com- 
posite hulls,  and  about  20  per  cent,  less  if  built  with  strong  wooden  halls.  On  com- 
pletion of  the  tow-boats,  the  Mi8sisHi]>pi  should  be  laid  off  as  a  spare  boat  for  tours  of 
inspection,  temporary  increase  of  the  service,  or  to  take  the  place  of  any  of  the  others 
in  case  of  accident,  the  crews  being  simply  transferred.  The  costly  and  moat  unsatis- 
factory method  of  chartering  would  thus  almost  entirely  be  obviated.  The  Missis- 
sippi is  naturally  selected  for  reserve  ;  she  has  not  sutHcient  power  to  handle  large 
tows  in  a  strong  current,  not  having  been  built  solely  for  towing;  and  having  an  iron 
hull,  she  would  not  deteriorate  while  laid  up. 

In  regard  to  the  construction  of  new  plant,  I  believe  it  would  be  to  the  l^est  inter- 
ests of  the  Govennnent  to  follow  the  methods  of  business  men  and  place  the  work  on 
bids  solicited  only  from  builders  of  established  reputatiou. 

It  is  not  only  a  question  of  construction,  but  of  material.  Wooden  hulls  should  be 
entirely  of  the  best  oak,  except  decks  and  bulkheads;  an<l  as  first  class  ship-timber 
has  become  very  scarce,  I  think  it  safe  to  say  that  there  are  not  more  than  half  a 
dozen  builders  in  the  West  who  use  or  can  control  any  considerable  amount  of  the 
best  uplau<l  oak.  in  a  general  comjietition,  the  lowest  bidders  are  almost  always 
])arties  with  little  capital,  who  have  no  facilities  for  buiUliug  on  a  large  scale,  and 
who  use  the  short-livod  oak  of  lowland  growth,  which  rots  in  two  or  three  years.  If 
iron  or  composite  construction  is  adoptt'd,  the  choice  w<iuld  be  limited  uaturally  to 
the  few  builders  engaged  in  that  kind  of  work. 

With  new  tow-boats,  new  barges,  and  plant  now  on  hand  in  good  order,  at  least 
20,000  cubic  yards  a  month  eould  be  furnished  regularly  to  the  three  districts  below 
Cairo  during  active  operations,  large  reserves  being  uulo<ided  on  the  bank  during 
spring  high  water. 

The  amount  of  stone  furnished  by  the  general  service  during  the  past  year  has  been 
greater  than  in  any  year  since  the  work  was  undertaken,  but  it  has  falleu  short  of 
requisitions  from  the  districts,  and  the  otllcers  in  charg(>  have  been  somewhat  embar- 
rassed in  their  o])erat ions  by  uncertain  and  irregular  delivery.  That  the  progress  of 
their  work  was  not  seriously  delayed,  was  due  in  ])art  to  the  fact  that  stone  was  de- 
livered on  tiie  bank  on  early  reqiiisitituis,  but  chiefly  to  long-coutiuue<l  high  water, 
which  prevented  active  operations  till  the  season  was  well  advanced. 

Stone  can  be  bought  cheap  only  from  quarries  at  least  50  miles  above  Cairo  on  the 
Mississippi  or  Ohio;  if  obtained  from  other  sources,  it  must  l>e  tranBi>orted  to  the 
river  by  rail  at  great  expense  for  freight  and  handling. 

All  tlie  stone  furnished  by  the  general  scrvic<>  this  season  was  bought  in  open  mar- 
ket from  a  number  of  (juarries  on  both  rivers  above  Cairo,  the  greater  part  having 
been  taken  fiom  the  Southern  Illinois  P«init«'ntiary  at  Chester. 

It  was  of  good  quality  and  weight,  and  <'.ost  from  50  to  60  cents  the  cubic  yard 
loaded  on  barges  at  the  (piarrics,  the  price  depending  on  the  kind  of  stone  furnished 
and  the  distance  of  tin;  quarries  from  the  river  bank. 

I  have  dealt  generally  directly  with  ])arties  owning  or  controlling  quarries,  and  the 
terms  have  been  most  favorable  to  the  (rovernment,  hardly  furnishing  more  than  a 
bare  living  to  the  men  who  undertook  the  work. 

In  conducting  the  works  of  iirotectiou  and  improvement,  it  is  of  vit-al  importance 
that  the  sup])ly  of  stout;  shall  be  aniph)  and  sun\  not  only  for  securing  work  as  it  pro- 
gresses, but  for  the  economic  organization  of  labor.  The  distances  to  which  it  must 
be  transported  vary  from  '^00  to  1,*^00  miles,  and  the  districts  under  improvement  are 
of  great  extent,  so  that  no  work  of  bank  protection,  mattress  construction,  or  di|ce- 
huuding  can  be  undertaken  with  safety  without  a  full  supply  of  stone  at  hand|  or  the 
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certainty  of  its  arriTing  within  a  given  time.  To  insure  tbis,  the  delivery  of  stone 
fihonld  be  nnder  the  control  of  the  general  service  provided  with  an  adequate  plant, 
and  this  work  is  qoite  enoneb  to  demand  all  the  time. and  attention  of  one  man,  and 
should  not  be  laid  as  an  additional  burden  upon  the  district  officers.  The  method  of 
''  open  purchase''  is  the  best  and  most  economical  for  the  Government  at  the  present 
time,  in  my  opinion,  and  I  am  positive  that  any  attempt  to  contract  for  supply  and 
delivery  of  stone  to  the  works  would  result  in  disaster. 

In  reporting  the  amount  of  stone  furnished  by  tbe  general  service,  no  account  is 
taken  of  that  delivered  by  rail  at  Arkansas  City.  Captain  Sears  made  arrangements 
for  that  supply  last  season,  and  continued  to  draw  from  tbe  same  source  after  he  had 
taken  charge  of  the  third  district ;  about  6,000  cubic  yards  were  on  hand  November  1, 
1883,  and  13,000  cnbic  yards  were  under  contract  for  delivery. 

The  amount  of  stone  delivered  by  the  general  service  from  November  1  to  December 
2C,  1883,  was  20,845  cubic  yards;  and  from  April  1  to  September  30,  1884,  was  75,364 
cubic  yards.  The  amount  actually  received  from  the  quarries  this  season  was  83,542 
cubic  yards,  the  average  ^nouthly  output  being  almost  14,000  cubic  yards.  The  aver- 
age monthly  delivery  to  tbe  districts  for  the  same  period  was  12,560  cubic  yards.  The 
average  cost  of  delivery  to  the  first,  second,  and  third  districts,  including  all  expenses 
for  steamboats,  repairs,  and  charter,  was  very  nearly  90  cents  tbe  cubic  yard,  making 
the  average  cost  the  cnbic  yard,  delivered,  $1.40  for  sandstone,  and  $1.50  for  limestone. 

The  cost  of  delivering  stone  to  the  fourth  district  for  New  Orleans  Harbor,  was  not 
apportioned  as  for  the  other  districts.  Tbe  service  was  undertaken,  somewhat  to 
their  disadvantage,  to  supply  a  pressing  need.  Special  barges  were  chartered,  and 
part  of  the  running  expenses  of  the  boats  was  charged  to  that  work  for  the  extra  time 
required,  payment  being  made  by  the  district  officer. 

The  work  of  the  year  was  by  no  means  accomplished  by  tbe  two  general  service 
tow-boats.  The  Minnetonka  broke  ber  shaft  February  17,  while  taking  a  tow  of  empty 
bari^es  up  to  the  Mississippi  quarries,  and  the  Jack  Frost  was  chartered  for  eight  days 
to  distribute  the  tow  and  brin^:  her  to  Saint  Louis  for  repairs.  As  tbe  Minnetonka 
was  under  charter  for  trial  at  tbe  time,  the  cost  of  repairs  was  borne  by  the  owners. 
The  Ether idge  was  utilized  between  Cairo  and  the  quarries  early  in  April,  and  was 
given  a  tow  for  the  first  and  third  districts  on  ber  way  to  the  latter.  Having  met 
with  an  accident  In  May,  she  was  sent  to  Saint  Louis  for  repairs,  and  was  used  in 
tbe  same  manner  on  the  return  trip.  While  the  Mississippi  was  engaged  on  a  tour  of 
inspt^ction  with  the  Commission,  in  May,  the  Minnetonka  broke  down,  and  the  Jack 
FroKt  was  chartered  Majr  12  for  eight  dayp,  and  kept  in  service  till  June  6. 

The  Pearl,  chartered  m  May  for  the  first  district,  was  taken  for  the  general  service 
in  August  for  duty  between  Cairo  and  the  quarries  in  low  water.  She  will  be  kept 
at  work  till  navigation  closes,  taking  occasional  tows  to  the  fii-st  district,  and  may  be 
retained  in  attendance  on  the  fleet  during  the  winter,  being  handier  and  more  eco- 
nomical as  a  helper  than  either  of  the  large  boats. 

The  barge  fleet  also  was  increased  at  different  times  for  special  service.  Between 
Noveml^er  1,  1883,  and  February  29.  1884,  twenty-one  model  barges  were  chartered 
and  remained  ih  service  an  average  time  of  about  eighty-two  days  each. 

Six  model  barges  were  chartered  in  May  for  temporary  use  in  carrying  stone  to  the 
thiixl  district,  in  July,  August,  and  September,  sixteen  model  barges  were  chartered 
for  special  service  in  carrying  stone  to  the  fourth  district  for  the  improvement  of  New 
Orleans  Harbor.  Requisition  was  made  in  July  for  charter  of  ten  model  barges  for 
use  in  the  first  district  with  the  condition  imposed  that  they  should  be  without  hog- 
chains.  Very  few  good  barges  with  clear  decks  were  to  be  had,  the  market  having 
l>een  nearly  exhausted  to  fill  previous  requisitions.  Seven  were  obtained  in  July  and 
August,  and  delivered  loaded  with  stone. 

Bids  wen»  invited  in  July  for  the  construction  of  fifteen  model  barges,  170  by  38  by 
6  feet,  for  the  first  district,  but  the  prices  ranged  so  much  above  the  estimate,  one  bid 
being  over  $10,000,  that  it  was  not  thought  best  to  accept  any.  The  subject  was  re- 
ferred to  the  Commission  which  was  then  in  session,  and  construction  on  the  plans 
offered  was  not  decided  upon.  Flans  and  specifications  were  prepared  in  this  office  in 
July  for  a  special  stern-wheel  boat  for  use  on  Red  River.  The  boat  was  finished  and 
accepted  in  September  and  taken  to  Cairo,  whence  it  will  be  sent  with  the  next  tow 
to  the  third  district,  and  will  steam  from  Wilson's  Point  to  its  destination. 

Besides  towing  loaded  and  empty  stone  barges,  the  general  service  steamboats  have 
taken  from  the  several  districts  to  tbe  most  convenient  ship- yards  and  repair-shops, 
such  of  their  plant  as  required  overhauling,  returoing  the  same  on  the  earliest  trip 
after  being  put  in  order. 

They  have  also  distributed  fuel  purchased  for  tbe  districts,  and  have  been  ntilized 
as  much  as  possible  in  carrying  or  towing  supplies  and  stores  bought  on  requisitions 
for  them,  at  a  consideiable  saving  for  transportation. 

If  the  demands  for  such  service  were  more  regular,  or  for  stated  periods,  prompt 
delivery  conld  be  arranged  and  a  great  reduction  effected  in  the  item  of  &eightQ| 
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indeed,  the  proposed  increase  of  the  general  service  plant  wonld  enable  me  to  dellTer 
all  supplies  purchased  for  the  districts. 

The  business  has  been  conducted  without  serious  accident  or  damage  to  the  plant 
in  tow,  and,  fortunately,  without  loss  of  life  or  injury  to  any  of  the  crew.  Minor  ac- 
cidents to  the  steamboats  and  annoying  detentions  have  occurred,  which  interfered 
considerably  with  the  delivery  of  stone  and  the  retnm  of  empty  barges.  Barge  179, 
loaded  with  st^ne,  was  sunk  at  Grand  Tower  in  May  while  waiting  for  a  tow,  and 
thongh  several  attempts  have  been  made  to  raise  it,  they  have  been  frnatrated  by 
sndden  and  unexpected  rises  of  the  river.  The  loss  is  not  yet  reported  total,  as 
another  effort  will  be  made,  but  if  that  fails  it  will  be  uselesb  to  try  acain. 

On  the  night  of  May  22,  barge  98,  loaded  with  14,(KX)  bushels  of  coal,  boneht  for  the 
third  district,  was  broken  up  and  lost.  The  accident  was  due  to  a  sndden  sqnAlI 
during  a  storm,  and  was  unavoidable.  Ou  the  afternoon  of  Jnne  3,  boat  461,  loaded 
with  24,379  bushels  of  coal,  on  the  way  to  the  third  district,  was  sunk  in  Bnllerton 
Chute  by  colliding  with  a  barge  loaded  with  stone.  The  wreck  was  bnoved,  and  as 
it  lay  out  of  the  channel  it  was  hoped  that  a  portion  of  the  cargo  might  be  saved  in 
low  water,  but  the  loss  is  total.  Investigation  satisfied  me  that  the  accident  was 
unavoidable.  June  17  a  chartered  model  barge,  loaded  with  stone,  broke  up  and 
sank  at  Pilcher's  Point.  The  cause  of  the  accident  has  not  been  reported  to  this 
office. 

As  the  tow-boats  Iiave  been  kept  running  night  and  day  with  double  crews,  their 
boilers  and  furnaces  have  required  considerable  repairs.  The  Mississippi  has  giTen 
special  trouble  and  expense  for  now  fire-sheets,  but  the  difficulty  has  been  remedied 
by  substituting  a  vertical  heater  and  purifier  for  the  pan  heater,  and  taking  out  the 
center  top  fine  from  each  boiler,  there  having  been  five  ten-inch  flues  in  each. 

The  Minnetonka  has  shown  signs  of  weakness  in  the  cylinder-timbers,  and  may 
have  to  be  hauled  out  at  the  close  of  the  season  to  be  strengthened.  I  recommend 
reducing  the  weight  of  the  upper  works  and  the  area  of  wina-reeistance  by  transfer- 
ing  the  galley,  pantries,  and  deck-rooms  to  the  space  now  taken  up  with  spare  cabins 
and  staterooms,  and  increasing  the  strength  of  the  hull  by  extra  stanchions  and 
bulkheads.  Should  new  cylinder-timbers  be  required,  I  am  inclined  to  recommend 
iron. 

Without  taking  into  account  the  care  and  handling  of  barges  at  the  fleet  or  on  the 
reaches,  the  general  service  tow-boats  have  moved  between  quarries  and  the  districts 
durinj;  the  navigable  seavsou  covered  by  this  report,  1,360  pieces,  equivalent  to  towinff 
one  piece  318,43()  mileH,  at  a  cost,  including  all  expenses  for  steamboat  service  and 
repairs,  of  very  nearly  25  cents  the  mile.  In  addition  to  towing  service,  the  Misrissippi 
has  made  about  2,400  miles  on  innpectiou  duty  with  the  Commission. 

The  question  of  providing  fuel  for  general  service  and  the  districts  is  a  very  serious 
one,  and  I  am  not  yot  prepared  to  exprcHH  a  decided  opinion  upon  it. 

Captain  Sears  bought  a  large  amount  of  Pittsburgh  coal  early  in  the  season,  deliv- 
ered in  bouts  and  barges  to  the  lleet  at  Cairo,  on  very  reasonable  terms.  Pittsburgh 
coal  Ik  probably  the  best  for  steamboat  nse,  but  I  doubt  whether  it  isso  mnch  superior 
to  the  best  Illinois  coal  as  to  balance  the  risks  and  expenses  attendant  upon  its  care 
at  the  fleet.  As  it  comes  down  in  large  tows  only  when  the  Ohio  is  high,  it  must  be 
bought  in  large  quautitioH  if  we  wish  to  get  it  cheap;  and  if  it  is  essential  that  we 
should  use  Pittsburgh  coal,  it  will  be  better  to  contract  for  delivery  to  the  districts, 
or,  if  more  economical  to  receive  it  in  one  lot  at  the  fleet,  to  deliver  it  by  the  general 
service  tow-boats  as  soon  as  possible  after  its  arrival  at  Cairo.  Nearly  40,000  bushels 
have  been  lost  this  season,  and  I  find  that  there  has  hecn  a  considerable  loss  every 
year.  1  believe  that  an  amount,  equivalent  to  that  lost  and  incurred  for  care  at  the 
fleet,  could  be  turned  to  good  account  in  the  purchase  of  a  few  coal  barges  for  supply- 
ing the  districts  with  the  best  Illinois  coal  at  a  considerable  saving  in  annual  expense. 
At  the  average  price  paid  for  Pittsburgh  coal  this  year,  the  estimate  for  snppl^ing 
general  i^ervice  tow-boats  for  next  season  amounts  to  $61,600.  I  am  almost  positive 
that  1  could  buy  the  necessary  fuel  of  good  quality,  and  build  one  coal  barge  for  the 
general  sttrvice,  and  six  for  the  districts  with  this  amount. 

A  good  deal  of  annoyance  has  been  experienced  in  the  management  of  the  floating 
property,  from  the  loss  of  barge-pumps,  and  careful  study  has  been  given  to  remedy 
the  difliculty.  A  design  for  a  fixed  bilge-pump  has  been  made,  and  patterns  axe 
now  in  hand  from  which  a  few  will  be  cast  for  ex)>eriment.  It  is  proposed  to  put 
them  below  decks,  or  to  box  th(^ni  in,  and  to  have  the  handles  secured  by  chains. 
For  pumping  barges  that  are  leaking  badly  while  in  tow  the  steam-siphon  is  certainly 
very  etlective ;  but  the  waste  of  steam  is  immense,  even  when  only  one  is  used,  and 
the  n«'ce8sity  for  applying  it  might  arise  in  a  dangerous  part  of  the  river,  when  the 
full  power  of  the  engines  would  be  nee<led. 

The  difliculty  of  carrying  a  large  siph<m  over  barges  loaded  with  stone,  and  of 
making  connections  to  boilers  with  iixed  lengths  of  pipe,Bhonid  be  seen  to  be  appre* 
pjated. 
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It  takes  ooneiiderable  time  to  prepare  the  appara«tu8  for  work,  and  if  the  joints  give 
out  after  it  has  been  ranoing  for  auy  length  of  time,  it  is  no  ea«y  matter  to  couple 
them  while  the  pipes  are  hot.  As  an  improvement  on  this  cimibrons  method  of 
pumping  I  devised  a  plan,  the  basis  of  which  wa.s  to  Ite  a  powerful  pump  in  the  waist 
of  each  tow-boat,  which  I  submitted  to  Major  Suter,  of  the  committee.  Happily  he 
had  been  working  on  the  same  lines,  and  bad  used  water  pressure  for  steam  with 
good  results.  The  design  has  been  modified  on  his  suggestious  by  substituting  a  force 
lor  a  suction  pump,  and  permanently  fixing  small  water-jet  siphons  iu  the  barges 
Alongside  each  hand-pump.  Strong  rubber  hose  of  small  diameter,  with  snap  coup- 
lings, and  in  lengths  convenient  for  a  man  to  carry,  will  be  used  for  connections,  the 
pump  having  as  many  branches  on  the  discharge-pipe  as  may  be  required.  In  cold 
mreatner  low  steam  can  be  sent  through  from  the  <lonkey  boiler  to  start  the  jet,  if 
necessary.  I  feel  confident  that  the  plan  outlined  above  will  solve  the  problem,  but 
I  shall  try  it  in  a  small  way  with  appliances  now  on  hand  before  undertaking  it  on  a 
laiso  scale. 

Five  thousand  dollars  will  bo  ample  for  the  complete  outfit  of  pumps  for  four  tow- 
boats,  two  fixed  siphons  in  each  barge,  spare  siphons,  aud  a  full  supply  of  hose. 

In  concluding  my  report,  I  think  it  proper  to  say  that  the  m.auagement  of  the  gen- 
eral service  was  made  easy  for  me  by  the  admirable  organization  of  the  business 
under  Captain  Sears,  by  the  forbearance  of  the  district  otficers,  all  of  whom  are  my 
seniors  in  rank,  and  by  the  hearty  co-operation  of  my  oflice  force.  The  officers  of  the 
boats  and  the  overseers  and  in>pectors  are  excellent  men,  and  have  been  faithful  and 
efficient  in  the  performance  of  their  duties  under  all  circumstances. 

I  present  herewith  a  directory  of  the  Commission,  with  its  officers  and  the  districts 
nnder  improvement  in  their  order,  statements  under  appropriate  headings  showing 
the  financifli  and  working  operations  of  this  office  for  the  year,  estimates  ft»r  the  gen- 
eral service  for  1885,  and  the  general  financial  statement  of  the  appropriations  for 
"improving  Mississippi  River '"from  July  1,  lcf82,  to  September  30,  1884. 


THE  MISSISSIPPI  RIVER  COMMISSION. 

Col.  and  Bvt.  Maj.  Gen.  Quincy  A.  Gillmore,  Corps  of  Engineers,  Pn  sident,  33  West 
Houston  street,  New  York. 

Lieut.  Col.  and  Bvt.  Brig.  Gen.  Cyrus  B.  Comstock,  Corps  of  Engineers,  33  West  Hous- 
ton street,  New  York. 

MaJ.  Charles  R.  Suter,  Corps  of  Engineers,  1415  Washington  avenue,  Saint  Louis. 

Hknry  Mitchell,  civil  engineer,  United  States  Coast  aud»Geodetic  Survey,  9  Pem- 
bertou  Square,  Boston. 

B.  M.  Harrod,  civil  engineer,  Cotton  Exchange  building,  New  Orleans. 

Hon.  Robert  S.  Taylor,  P.  O.  box  1G48,  Fort  Wayne,  Ind. 

8.  W.  Ferguson,  civil  engineer,  Greenville,  Miss. 

First  Lieut.  Smith  S.  Lkach,  Corps  of  Engineers,  secretary,  2828  Washington  avenue. 
Saint  Louis. 

the  committee  on  construction. 

Messrs.  Gillmokr,  Comstock,  Suter,  and  Harrod. 

Capt.  Joseph  H.  Willard,  Corps  of  Engineers,  secretary  and  assistant,  2653  Olive 
street,  Saint  Louis. 

OFFICERS  OF  ENGINEERS  IN  CHARGE  OF  DISTRICTS.. 

'     Dm  Moines  Rapids  to  Illinois  Eirer,  105  miUs. 
Capt.  Ebnsst  H.  Buffneb,  Quincy,  HI.  ^ 

Illinais  River  to  Ohio  River,  ^5  miles, 
Mbj.  Oswald  H.  Ebnst,  custom-house.  Saint  Louis. 

Firsi  district,  Ohio  River  to  foot  of  Island  No,  40  {Plum  Point  Reach),  220  mOet. 
Capt.  John  Q.  D.  KmOHT,  custom-house,  Cairo,  111.,  and  £1  mot.  Ark. 
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Second  district,  foot  of  Island  No.  40  to  White  River  iMempkU  Beaek),  180  mOm. 
Capt.  Clintox  B.  Sear8,  Bethell  Block,  Memphis,  Tenn. 

Third  district,  White  Biver  to  Warrenton,  Miss.  (Lake  ProMemoe  Beaek),  220  mMm. 
Captain  Seabs,  Memphis,  Temi.,  and  Wilson's  Point,  La. 

Fourth  district,  Warrenton  to  Head  of  Passes,  484  ndke. 
Maj.  Amos  Sticknet,  3  South  Rampart  street,  New  Orleans. 

General  service  estimates  for  1885. 


One  Iftrge  tow-bo«t,  iron  bnll . 
One  siuaII  tow-boat,  iron  hull 


Genera]  repairs  to  plant 

Extraordinary  repairs  to  plant 


Banning  erpnincH : 

Steamer  Missitibippi,  5  months,  at  $8,600 . . 
Steamer  MiniietoDica,  lo  months,  at  f3,800 
New  large  tow-boat,  8  months,  at  $3, 800 . . 
!New  small  iuw-boat,  8  months,  at  $2,600  . . 


Fuel  for  general  service  steamboats : 

Mississippi,  150  days,  at  600  bushels  a  day,  90,000  bnshehi. 
Minnotonaa,  300  days,  at  800  bushels  a  day,  240,000  bushels. 
New  large,  240  days,  at  800  bushels  a  day,  102,000  bushels. 
New  small,    240  days,  at  400  bushels  a  day,  96,000  bushels. 


618,000  bushels,  at  0  cents  . . . 
Cost  of  loading,  1  oent  per  bushel  . 

Office  salaries,  rent,  and  contingencies. 

Care  of  fleet  and  property 

Administration  and  inspection 


618,000 


Total 


160,000  00 
80,000  00 


12,000  00 
8,000  00 


000^000  00 


20,000  00 


18,000  00 
88^000  00 
80,400  00 
20,800  00 


ss^oaooo 

M80  00 


12,000  00 
4^600  00 
4^800  00 


$iio,oo»rt 


107,200  00 


61,  800  Of 


21,000  00 


SOO^OOO  ot 


Estimated  value  of  the  general  service  jflant,  September  30,  1884. 


Iron  tow-boat  Mississippi 

Wooden  tow-boat  Miunetonka 

56  stone  barges 

1  pumping  boat 

1  titore  boat 


160,000 

37,760 

84,000 

1,300 

9S0 


Total 184,000 

Statement  of  purchases  made  on  requisition  from  dieUriets^ 


First  district : 

Subsistence  and  general  su]>plie8,  value  about  $34,000. 

1,240,000  pounds  of  galvanized  steel  wire. 

104,'iy2  bushels  of  Pittsburgh  coal. 
Second  district : 

41,879  bushels  of  Pittsburgh  coal. 
Third  district : 

l'21,i26*2  bushels  of  Pittsburgh  coal. 

yiOjlKMJ  pounds  of  galvanized  steel  wire. 

Subsistcnct'  and  ^(^noral  sujiplios,  valuo  about  $22,000. 
Fourtli  district: 

Steam  launch,  §;j,r)00. 
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Movement  of  atone. 


from  Mississippi  qnarTies: 

If  oyember  1  to  December  20, 1883 cubic  yards . 

April  1  to  September 80, 1884 do... 

SfboelTed  from  Ohio  quarries : 

Korember  1  to  December  26. 1883 do... 

April  1  to  S(^tember  30, 1884 do... 


Dattrered  to  first  district : 

Norember  1  to  December  26, 1883 do. 

•April  1  to  September 30, 1884 do. 

]>elhrered  to  second  district : 

ISTovember  1  to  December  26, 1888 do. 

April  1  to  September  30, 1884 do. 

JMHered  to  third  district : 

VoTember  1  to  December  26, 1888 do. 

▲prill  to  September  80, 1884 do. 

BeUrersd  to  fourth  district :  In  September,  1 884 do 

Ob  Ike  w»y  to  fourth  district,  September  30, 1884 do. 

*  «t  the  fleet  St  Cairo,  September  30,  1884 do. 


TMal  amomit  Aimished,  dellTered,  and  on  the  way,  November  1, 1883, 
to  September  30, 1684 


10.864 
59,565 


9,981 
23,977 


15. 415 
37, 368 


1,034 
16, 974 


4,396 
18,661 


70,429 


33,958 


52,783 


18,008 


23, 

2, 


057 
361 


4, 
3. 


392 
786 


104,887 


96,209 

8,178 
104,387 


JEnenditure$  by  Capt,  Clinton  B.  Sears,  executive  officer  conatrucl ion  department j  Miaifissippi 
Mliver  CamnU98iony  from  November  1,  1883,  to  February  29,  1884,  on  account  appropria- 
fioM  for  improving  Mississippi  i?irer,  from  aUotm(nt»  to  the  various  reaches. 


Ckwaeter  of  ezpenditure. 


AdmiBistrMl<m  and  inspection 
Care  of  pnblio  property 


OAce  ootflt. 
Material  and  snpplies 


Plant  and  ontflt 
Xspairs  to  plant 


Total 


JiSJ.  Ipium  Point' Memphis  ^}^ZT' 


$1, 231  06 


2^0  ^L 

3. 640  70 

3, 268  87 

10, 034  32 

19,095  13 


1,23106  1    63,365  15 


31  03 
1, 374  73 

"  82  46 
2, 776  36 


$515  52 

154  04 

2, 256  40 

7  50 

28,107  19 

5,  K78  30 

296  11 

1,630  41 

2,852  14 

11  116  76 

18.711  41 


4, 620  37  I    71,  525  78 


Improv- 
ing har- 
bor at 
New  Or- 
leans. 


$14  00 


3,  279  75 
10  62 
42  50 


256  99 


3,603  86 


TotAl. 


$1, 479  16 

403  60 

6,049  64 

7  50 

54, 706  05 

5,888  92 

649  95 

6,645  90 

5, 121  01 

21,490  53 

41, 813  96 


144,346  22 


MjopendUurea  bjf  Capt.  Clinton  B,  Sears,  secretary  committee  on  construction^  Mississippi 
iUver  Commission,  on  account  appropriation  for  improving  Mississippi  River,  from 
Motmentfor  general  sernioe,  from  March  1,  to  April  11,  1884. 

Office  expenses $819  56 

Care  of  public  property 645  03 

Sxpenses  steamer  Mississippi 2,605  55 

Expenses  steamer  Minnetonka *41, 025  50 

Expenses  steamer  Etheridge 5,538  85 

Expenses  steamer  Jack  Frost 13  25 

Towage  and  transportation 82  50 

Administration  and  inspection 538  67 

Total 51,268  91 


*  Includes  $40,000  purchase  mone^. 
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Expenditures  by  Capt  J,  H.  WHlard,  secretary  oommiitee  on  eonttruetiom^  Miatimippi  IMmt 
Commiwiov,  on  account  appropriation  for  improting  Mi$9i$$ippi  JUver^  from  ailotmmt 
for  general  service,  from  April  12  to  September  30,  18ti4. 

Ofllce  espeuses t4t 769-53 

Fuel - 80,^224  07 

Coal  fleet  and  care  of  pablic  property 2,225  75 

Steamer  MiHsissippi 14, 161 17 

Steamer  MinDetoYika 14,&46  3S 

Steamer  Etheridge ;. 1,193  39 

Steamer  Jack  Frost 1,799  31 

Steamer  Pearl 2,tJ58  40 

Towage  and  traDBportation 1,566  6B 

Admiuistration  aud  inspection 1,906  56 

Miscellaneous 3,8%  25 

Total 69,106  78 

ClassiJUd  summary  of  expenditures  on  aooount  appropriation  for  improHng  Mi$»i$9^ffi 
Biver,  general  service,  from  November  1, 16i£),  to  September  'So,  1884. 

Services $50,401  68 

Plant  and  outfit 41,106  96 

Fuel 31,^56  01 

Repairs  to  plant 13,001  06 

Transportation  and  charter 9,560  63 

Subsistence 8,733  00 

Supplies  and  material 4,496  85 

Mileage  and  traveling  expenses 1,120  56 

Rent  and  repairs 770  36 

Telegrams 333  09 

Stationery 205  94 

Care  of  public  property 164  60 

Fuel  for  Capt.  C.  B.  Sears •Wl  65 

Fuel  and  gas  (office) 117  40 

Wat«r  and  ice  (office) 83  05 

Office  furniture  and  outfit 76  17 

Total 162,169  66 


Expenditures  under  general  service  for  plant  and  permanent  outjitj  apportioned  eqnmUy  hs- 
tween  the  first,  second,  and  third  districts,  and  operating  expenses  cftoidad  euioording  to  nil** 
age  service  performed. 

For  New  Madrid  Reach |1,S31  08 

For  Plum  Point  Reach 60,12063 

For  Memphis  Reach 34,394  60 

For  Lake  Providence  Reach 66,443  40 

Total UMBOS 

Financial  Statement. 


November  1,  1883,  to  September  30, 1884. 


GENERAL  SEBTICE. 


Drawn  fttmi  TroiMnxy 

Expended 

Balance  on  hand  September  30, 1884 


By  Captain 


42,232  07 


ByCapCafai 
wmard. 


175,000  00  $107,000  00 


78,148«2 


132,707  03      88,800  04 


MIL 


I20lf» 


*A.  R.  1851--*50 

tTronaferred  to  Captain  Willard  April  11,  lOOt 
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HmuMMi  of  expenditures  by  general  service  March  1,  1884,  to  September  30, 1884. 

oint  Reach $41,025  50 

i»  Reach  and  Harbor 31,618  14 

rovidence  Reach 47,732  05 

otal.... l-i0,*375  69 

tut  third  and  fonrth  appropriations 392, 000  00 

rred  from  Plum  Point  and  Lake  Providence  allotment  $10,000 
20,000  00 

otal 412,000  00 

: 182,000  00 

>  in  Treasury  September  30,  1884 230,000  00 

>  in  hand  September  30, 1884 61,624  31 

le  September  30,  1884 ^ 291,624  31 

I  for  construction  of  new  plant 150, 000  00 

:ed  expenditures  to  December  31,  1884 31,594  43 

»d  balance  December  31, 1884 110,029  88 

Kwit  for  sale  of  fuel 11  25 

ted  amount  available  for  conducting  general  service  January  1, 
110,041  13 

PLUM  POINT  REACH. 


m  htoid  November  1, 1883 
om  TreaAory 


,al  to  bo  accoanted  for 
i 


>n  hand  September  30,  1884. 


By  Captains 

Seara  and 

Willard. 


$25, 365  15 
79, 025  50 


104, 390  65 
104,  390  65 


By  Captain 
'Eiiight. 


$85, 507  74 
593,500  eO 


679, 007  74 
520, 283  86 


158,723  88 


TotaL 


$110.872  89 
672, 525  50 


783, 398  39 
624, 674  51 


158,723  88 


>  in  Treasury  November  1,  1883 $51,000  00 

rred  from  unallotted  balance,  second  appropriation 77, 000  00 

tnta  from  third  and  fourth  appropriations 700, 000  00 

ion  for  general  service 41, 025  50 

otal .' 869,025  50 

rred  to  general  service $10, 000  00 

rred  to  Atchafalaya  Front 9,000  00 

rred  to  Tensas  Front,  fourth  district 16,000  00 

35,000  00 


b  available  for  the  year , 834,025  50 

672,525  50 

Mu Treasury  September  30,  1884 161,500  00 

>  in  hand 158,723  88 


»le  September  30, 1884 320,223  88 

ted  expenses  to  December  31,  1884 243,514  15 


for  loss  of  property 


76,709  73 
20  00 


ted  amount  available  for  conducting  work  and  care  of  property 

iryl,  1865 T. 76,729  73 
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NEW  IfADBID  REACH. 


Balance  on  hand  November  1, 1883 
Expended 


By  C«|»talii 


$2.427  84 
1,281  06 


Balance  available  September  30, 1884. 


*],  196  78 


ByCaptein 


$1,001  05 
66  74 


M4  81 


TMiL 


91.418 

1.287 


2,141 


*  Transferred  to  Captain  Ejiight  liarch  81,  18M. 
.      MEMPHIS  REACH. 


Balance  on  hand  November  1, 1888 
Drawn  from  Treasmy 


Total  to  be  accounted  for 
Expended 


Balance  on  hand  September  30. 1884. 


By  Captains 

Sears  and 

WiUard. 


$4.620  86        $19,110  00  > 
81,618  14  1        98,000  00! 


Total 


$21^780  81 
12B.6I8  14 


86,288  80 
87,284  68 


117,110  00  . 
8S.487  73 


163,848  81 
128,72141 


.4NM  18 


*81, 622  27 


80;O8M 


*  Transferred  to  Captain  Seara. 


Drawu  from  Treasury $191,790  98 

Drawn  from  TreaBury  for  general  service 31,618  14 

Total  to  be  accounted  for 153,348  50 

Expended 122,  T22  41 

Balance  in  hand  September  30, 1884 : 30, 


Balance  In  Treasnry  November  1,  1883 33,000  00 

Allotmeot'S  from  third  appropriation 90,000  00 

Proportion  for  general  service 31,618  14 

Total ; 154,618  14 

Drawn 129,618  14 

Balance  in  Treasnry  September  30, 1884 25,000  00 

Balance  in  hand  September  30, 1884 30,626  00 

Available  September  30, 1884 56,626  00 

Estimated  expenditures  to  December  31, 1884 30,696  00 

Estimated  amount  available  for  conducting  work  and  care  of  property 

January  1, 1885 25,000^00 

MSlfPHIS  HABBOR. 


Drawn  from  Treasury 
Expended 


Balance  in  hand  September  30, 1884 


By  Maim 
filler. 


$40,000  00 
28,102  74 


ni,807  26 


By  CaivliilB 


$180.000  00 
43,686  89 


87,814  61 


TMid. 


$170, 
TO, 


flO^tUil 


*  Transferred  to  Captain  Sears. 
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Allotment  firom  foorth  appropriatioD l .  $200, 000  00 

Drawn  from  Tieasnry ~ 170,000  00 

Balance  in  Treasnrv :^0,000  00 

Balance  in  handa  of  disbursing  officer ,99,211  87 

Available  September  30, 1884 129,211  87 

Estimated  expenses  to  December  31, 1884 129.211  87 

8X7BYBT  OF  HELENA  REACH. 

Balance  available  November  1, 1883 $488  71 

Expended 488  71 

Available  September  30, 1884 000  00 

LEVEE  AT  LONG  LAKE. 

Drawn  from  Treasnxy $1,000  00 

Expended 15  55 

Balance  in  hand 984  4^ 

Allotment  from  fourth  appropriation 1 15,000  00 

Drawn 1,000  00 

Balance  in  Treasury 14,000  00 

Balance  in  hand 984  45 

AvaUable  September  30,  1884 14,984  45 

Estimated  expenses  to  December  31,  1884 14,984  45 

OPOSSUM  FORK  LEYEB. 

Allotment,  |25,000,  none  of  which  has  been  drawn  or  expended. 
Batimated  expenditures  to  December  31,  1884 $25,000  00 

YICKSBTTRG  HARBOR. 


By  Captain  ,  By  Captain  (       Toiiii 
Sears.  Marshall.  -^®"*'- 


BdsBoe  on  hand  November  1,1883 ! $5,477  60  $5,477  60 

~  i      $25,000  00  5,686  58  30.585  58 


Total  to  be  aooonnted  for '       25,000  00         11,063  18  :jC,0C3  18 

,        17.57151  7, 770  08  25,342  49 


Balanoe  available  September  30, 1884. 


7,428  49  I        '■3,292  20  10,720  69 


*  Tranaferred  to  Captain  Sean. 

Available  November  1,  1883 $55,477  HO 

Allotment  from  fourth  appropriation .' 25,  oOO  00 

Total 80,4/7  «0 

Transferred  to  Lake  Providence |42,295  00 

Transferred  to  Delta  Point 2,119  42 

44, 414  42 


Balance 36,063  18 

Expended 25,342  49 

Available  September  30,  1884 10,720  69 

Estimated  expenses  to  December  31,  1884 10,720  69 
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LAKE  PROVIDBNCE  BEACH. 


Balanee  on  hand  November  1, 1883 
Drawn  from  Treasury 


Total  to  be  accounted  for 
Expended 


Balance  In  hand  September  30,  1884 


By  Captains 

Srani  and 

WilUrd. 


H  700  78 
612,K«7  05 


TotaL 


$14, 627  15 
224.070  00 


517.257  83 
505.539  40 


11,718  43 


239.207  15 
187.552  10 


$10.  .'57  0 
737.227  05 


7iiU,5:»4« 
093.001  50 


*51,744  90 


03,403  42 


*  Transferred  to  Captain  Sears. 

BalaDce  in  Treasnry  November  1,  ISSii $137,  (KK)  00 

TraDHferred  from  unallotted  balauce  of  secoml  appropriation 67,300  00 

Transferred  from  allotiiKMit  for  Vicksbiirg  Harbor 4'2,  :^'>  00 

Allotted  from  third  and  fourth  a]>proi)riatiou8 700,  OOU  00 

Proportion  for  general  service 47 ,  732  06 

Total 9SM,2*^7  05 

Transferred  to  general  service $10,000  00 

Translen-ed  to  Tensas  Front,  third  district 10, 000  00 

Transferred  to  Yazoo  Front,  third  dintrict 10,000  00 

Transferred  to  Atchafalaya  Front,  fourth  district 27,000  00 

67,000  00 


Balance IKS?, 227  06 

Drawn  from  Treasury 737,227  05 

Balance  in  Treasury 200,  U(N)  OO 

Balance  in  hand ti:«.4ri;i  42 


Available  September  30.  1884 2G:i,  4(1:1  42 

Add  deposit  for  sale  of  fuel 2SI  26 

Estimated  expenses  to  December  31, 1884 2:M,4t>2  <i7 


Estimated  balance  available  for  work  and  care  of  property  January  1, 1885.     20, 000  00 

NEW  ORLEANS  HARBOR. 


By  Captain  |  By  Major  [      «.  .., 
Seara.      ,  Stickney.         ***"*• 


Balance  in  hnnd  November  1. 1883 '    $8.430  11   —$5.577  10        $2.85t01 

Drawn  from  Treasury 8,UU0  00!    OU.OOO  00        06.000  00 


Total  to  be  accoanted  for .    10.4:10  11;    84,422  00 

Expended J      3.6a:j  80  1    00,37106 


Balance  in  hand  September  30,  1884 


100.853  01 
08.975  81 


M2,826'J5       24,050  92 


M.879  17 


*  Transfen-ed  to  Major  Stickne^. 

Balance  in  Treasury  Novenilwr  1,  1883 $106,685  90 

Dra>\n  from  Treasury ^,000  00 

Balance  in  Treasury 8,625  90 

Balance  in  hand ^ !I0,(^  17 

Available  September  30,  1884   46,403  07 

Estimated  expenses  to  December  31,  1884 46,403  07 

8AINT  FRANCIS  FRONT,  FIRST  DISTRICT. 

Available  November  1,  1883 tifeST  00 

Expended  1»600  20 


Balance  available  September  30,  1884 
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SAINT  FKANCIS  FUONT,  SECOND  DISTRICT. 


Available  Noveii.ber  1,  16-3 |787  07 

Expended 787  07 


Balance  available  September  30,  1884 000  00 

MOUTH  OF  RED  RIVER. 


By  Captain 


By  Mt^or 
Stickney. 


Total. 


Bftlance  in  band  Novembor  1,  1883 $571  26  —$14,729  52  -114,158  26 

1>P\ WD  f rum  Treasury i •      61,000  00        61,000  00 


Total  to  bo  accounted  for 57120         46,270  48        46,84174 

Expended 28,632  32         28,632  32 


Balance  in  band  September 30,  1884 *571  26        17,038  16        18,209  42 


"  Transferred  to  Mj\jor  Stiokney. 


Balance  in  Treasury  November  1,  18H3 ^3,000  00 

Allotment  from  fourth  appropriation 12, 290  00 


Total 65,290  00 

Drawn 61,000  00 


Balance  in  Treusury 4,290  00 

Balance  ill  baud 18,209  42 


Available  September  30,  18-4 22,499  42 

Etttimuted  expenses  to  December  31, 1884 17, 499  42 

EHtimated  amount  available  for  carrying  on  work  and  care  of  property 
January  1,  1885 6,000  00 

NATCHEZ  AND  VIDALIA. 

Available  November  1.  1884 $5,331  42 

Expeudeil 2.658  50 

Balance  available  September  30,  1884 2,672  92 

Estimated  cxpeU8<»8  to  Dtcember  31,  1884 1, 672  92 

Eatimated  amount  available  for  conducting  work  and  care  of  property 

Jruiuary  1,  1885 1,000  00 

OBSERVATIONS   AT  CARROLLTON. 

The  observations  are  beiug  carried  on  with  an  allotment  from  the  appropriation  for 
the  Mississippi  River  Commission. 

SURVEY  OF   UNLKVEED  FRONTS  IN  THE  THIRD  DISTRICT. 

Available  November  1, 1883 $503  04 

Expended  502  53 

Balance  available  September  30,  1884 0  51 

SURVEY  OP  UNLEVEED  FRONTS  IN  THE  FOURTH  DISTRICT. 

Drawn $1,000  00 

ExiKuded 902  12 

Balance  available  September  30,  1884 97  88 

£stimateil  fX|»euses  to  December  31,  1884 97  88 

172  £NG 
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SURVEY  OF  CUBITT'S  GAP. 

Available  November  1,  18S3 $1(R  96 

Expended 000  00 

Balance  available  September  30,  1884 1®  06 

DELTA  POIKTy  LOUISIANA. 

Available  November  1, 1883 |7  64       ^ 

Transferred  from  Yicksborg  Harbor 2,119  48     ^ 

Total 8,127  06 

Expended 2,127  06< 

Balance  September  30,  1884 000 

CHOCTAW  BEKD  SUBVXT. 

Available  November  1, 1883 $1,980  1- 

Expended 000 

Balance  available  September  30,  1884 1,320  ^^"  j^ 

This  survey  has  been  completed. 

CUT-OFP  AT  TARPLBT. 

Allotment  from  third  appropriation. 93,000  oq 

Transferred  to  Yazoo  Front,  third  district 3,0C0         oo 

Available  September  30,  1884 000        60 

LEVEES,  SECOND  DISTRICT. 

Tiusoo  Front 

Balance  available  November  1, 1883 9l»il^     ^ 

Expended 1,117^    75 

Available  September  30,  1884 OOO    00 

All  this  allotment  has  been  drawn. 

THIRD  DISTRICT. 

Teneaa  Ihmt. 


Balance  in  hand  November  1, 1883. 
Drawn 


Total  to  bo  accoanted  for 
Expended 


Balance  in  hand  September  30, 1884 


ByCftptain 


125. 000  00 


25.000  00 
7,268  04 


17,741  96 


Cai 


IL 


77,883  SI 
0,289  00 


M4.444  61 


*  Transferred  to  Captain  Sean. 


TotaL 


$87,883  61  t       •87.«g  g 
40,000  00  I         68^000  •'* 


70,407 


n,VBB 


4T 


Balance  in  Treasury  November  1,  1883 |90,00O  ^ 

Allotted  from  third  appropriation 10,000  ^? 

Transferred  from  Lake  Providence 10,000  ^? 

Allotted  from  fourth  appropriation 60,000  ^^ 


Available  September  30,  18«4 67,1« 

Estimated  expenses  to  December  31, 1884 67,lfi6 
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YAZOO  FRONT. 


oo  hand  Koyember  1, 1883. 


By  Captain 
Sean. 


$23,000  00 


»tal  to  be  accounted  for 
id 


in  hand  September  30, 1884 


23,000  00 
7, 449  12 


By  Captain 
MarsnalL 


$20,213  68 


20.213  68 
22, 170  31 


15,650  88 


— *1,956  63 


Total. 


$20,213  68 
23,000  00 


43, 213  68 
29. 619  43 


13,604  25 


*  Transfeired  to  Captain  Sears. 

Sired  from  Lake  Providence $10,000  00 

srredfrom  cut-off  at  Tarpley 3,000  00 

ent  from  fourth  appropriation 20, 000  00 

Total 33,000  00 

23,000  00 


e  in  Treasury 10,000  00 

einhand 13,594  25 


t)le  September  30,  1884 23,594  25 

ted  expenses  to  December  31,  1884 23,594  25 


FOURTH  DISTRICT. 


Aichafalaya  Front. 

[)le  November  1,  1883 $7,052  78 

24,000  00 


?otal 31,052  78 

led 23,961  18 


e  on  hand 


7,091  60 


)rred  from  Plum  Point 9,000  00 

sned  from  Lake  Providence 27,000  00 


:otal 36,000  00 

24.000  00 


3  in  Treasury 12,000  00 

einhand 7,091  60 


>le  September  30,  1884 19,091  60 

ted  expenses  to  December  31.  1884 19.091  60 

Tensas  Front 

>le  November  1, 1883 $174,529  19 

21,000  00 


Total 195,529  19 

led 192,555  82 


e  in  Treasury 


2,973  37 


d  from  thin!  appropriation 5,000  00 

?rred  from  Plum  Point 16,000  00 

d  from  fourth  appropriation 90,000  00 

['otal 111.000  00 

21,000  00 


Bin  Treasury 90,000  00 

9  in  hand 2,973  37 
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Available  September  30,  1884 $92,973  37 

Estimated  expenses  to  December  31,  1864 92,97:i  37 

Total  balance  in  hand  November  1, 1883  (levees) 2:«,&9o  91 

Drawn 144,000  00 

Total 374,5116  91 

Expended 317,706  77 

Balance  in  hand 56,830  14 

Balance  in  Treasury  November  1, 1883 30,000  00 

Transferred  from  Plnm  Point 25,000  OU 

Transferred  from  Lake  Providence 47,000  00 

Transferred  from  Tarpley  Cnt-off 3,000  00 

Allotted  from  third  appropriation 15,000  00 

Allotted  from  fourth  appropriation 200,000  00 

Total 320,000  00 

Drawn 144,000  00 

Balance  in  Treasury 176,000  00 

Balance  in  hand 56,830  14 

Available  September  30, 1884 2;^,  830  14 

Estimated  expenses  to  December  31, 1884 .• 232,830  14 

DES  MOINES  RAPIDS  TO  ILLINOIS  BIVKR. 

Balance  from  former  appropriations  July  1, 1884 $12, 663  38 

Allotment,actapproved  July  5,  1884 200,000  00 

Total 212,663  38 

Expended 30,914  73 

Balance  September  30,  1884 181,748  6r> 

Estimated  expenses  to  December  31,  1884 71,748  65 

Estimated  balance  for  work  and  care  of  property  to  January  1, 1885 110,000  00 

ILIJNOIS  RIVER  TO  OHIO  RIVER. 

Balance  from  former  appropriations  July  1,  1884 $9, 969  15 

Allotment,  act  approved  July  5,  1884 470,000  00 

Total 479,969  15 

Expended 65,450  66 

Balance  Fteptember  30,  1884 414,518  49 

Estimated  expenses  to  December  31,  1884 147,472  37 

Estimated  balance  for  work  and  care  of  property  January  1,  1885 267,046  12 

PROTECTION  OF  EASTERLY  BANK  OF  MISSISSIPPI,  NEAR  CAIRO. 

Allotment,  act  approved  July  5, 1884 |50,000  00 

Expended 5.408  91 

Balance  September  30,  1884 44,591  09 

Estimated  expenses  to  December  31,  1884 18,591  09 

Estimated  balance  for  work  and  care  of  property  to  January  1, 1885  ....  26,000  00 
Respectfully  submitted. 

J.   H.  WiLLARD, 

Captain  of  Enginmn, 
Secretarf/  Committee  on  Construction^  MUtsUsippi  Uiver  CommiM^iQm* 

First  Lieut.  Smith  S.  Leach, 

Corps  of  EngiMterSy  iSecrftary  Miaaisitipjn  Biver  Commission^ 

2b28  Washington  Avenue,  Saint  LomUy  Mo, 
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Appendix  F. 

xkport  of  captain  j.  g.  d.  kxight,  corps  of  engineers,  upon  operations  in 

tub  first  district. 

United  States  Engineer  Office, 

Cairo,  III,,  October  }cSt,  1884. 

Sir  :  I  submit  the  following  report  of  operations  in  the  Ist  district,  Mississippi 
Kiver,  between  November  1,  ld83,  and  October  1,  1884. 

saint  FRANCIS  FRONT. 

There  has  been  plotted  the  location  of  the  line  of  levees  along  so  much  of  this  front 
as  lies  in  this  district.  In  addition  an  alternate  line  has  been  ran  a  distance  of  8.75 
mileH  from  Mill  Bayou  to  the  vicinity  of  Bartield,  which  avoids  caving  banks,  is  not 
too  remote  from  the  river,  and  substitutes  the  closing  of  a  small  slough  for  that  of 
Jdill  Bayou,  thus  leaving  the  latter  free  for  the  floating  out  of  timber,  a  business 
'wbose  prosecution,  if  interrupted,  would  endanger  the  levee. 

STATEMENT. 

Allotment  $5,000  00 

Expended  November  1,  1883 $3,312  91 

Expended  November  1,  1883,  to  October  1,  1884 1,560  20 

4,873  11 

:Balance  on  hand  October  1,  1884 ^ 126  89 

NEW  MADRID  REACH. 

February  4,  1884,  a  preliminary  project  for  the  improvement  of  33.5  miles  of  this 
Teach  was  submitted,  involving  the  ex]>enditure  of  $179,675  for  plant  atd  $1,45^^,000 
lor  construction  work.     With  the  experience  gained  in  the  Plum  Point  Roach,  it  is 
thought  that  the  estimated  cost  of  construction  should  bo  increased.     Moreover,  with 
the  many  changes  coniiuuiug  oa  this  reach,  so  much  of  the  project  as  related  to  dike 
Tvrork  should  now  be  uiodilied,  and  that  relating  to  bauk  protection  extended.     Cav- 
ing in  the  vicinity  of  Darnell's  continues  with  great  rapidity,  and  a  water-spout  has 
80  gullied  the  front  of  New  Madrid  as  to  render  it  less  able  than  ever  to  withstand 
the  cutting  action  of  the  river.    This  season,  however,  navigation  through  the  reach 
htm  been  attended  with  much  loss  difficulty  than  last. 

STATEMENT. 

Allotment,  less  retransfers  to  other  allotments $212,500  00 

Expended  November  1,  18d3    $209,071  11 

Expended  November  1,  18d3,  to  October  1,  1884 1, 287  80 

210,358  91 

Balance  October  1,  1884 2,141  09 

PLUM  POINT  REACH. 

Though  this  reach,  as  definod  by  the  Commission,  is  40  miles  long,  work  of  improve- 
ment has  been  limited  to  that  portion  of  the  roach  bounded  upstream  by  Gold  Dust 
Landing  and  down-stream  by  Yankee  Bar,  a  distance  of  13  miles.  Within  these  limits 
seven  difteront  construction  parties  have  been  at  work,  and  the  reports  of  the  various 
chiefs  are  attached.  15rief  ro(i*ronco  will  now  be  made  to  each  of  the  localities  occu- 
pied by  these  parties,  taking  tlicm  in  thoirdown-stroam  order. 

(rold  Duel  rfjto. — The  conuition  ol  this  work,  November  1,  lb8I5,  is  set  forth  in  the  re- 
port of  the  Misi^i^bippi  River  Commission,  liie3  (page  365,  and  plate  37).  Its  pra^ent 
condition  is  shown  in  Plate  IX.  As  at  present  projected,  it  iS  thought  this  work  will  be 
completed  before  the  com'ng  high  water.  Damage  to  the  main  dike  and  cross-dikes  was 
done  as  described  in  the  reports  of  Assistant  Engineers  Frith  and  Gender  (Appendices 
F  1,  and  F  3).  Hoavy  tills  have  occurred  immediately  behind  the  main  and  cross 
dikes,  which  at  yonie  jilacos  are  30  feet  above  low-wator  level;  the  curve  of  low 
water  closes  below  No.  5,  a  deposit  of  12  feet  having  taken  place  since  October,  1883. 
The  openings  unavoidably  b'lt  in  upper  dikes  to  give  access  to  lower  unfinished  ones, 
served  at.  high  water  to  give  admission  to  heavy  drift,  and,  on  a  falling  river,  to  de- 
velop heavy  scour  throujib  Elinor  Chute;  the  drift  was  detrimental  to  unfinished 
work.  The  main  dike  has  been  reinforced  by  a  row  of  piling  in  its  front.  No  at- 
tempts have  been  wmlr  tn  closo  Dikes  4  au<l  5,  and  that  to  close  3  was  abandoned.  To 
rontinue  it  would  have  been  to  risk  fHilure  to  close  all  openings  above  it;  while  ita 
cliraurd  ym  utft  d^mted  essential  to  the  tTuraing  ijtnn  Elmx/t  Chute  of  ik^ixtwxfi 
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the  river  in  its  lower  stages.  The  report  of  Assistant  Engineer  (George  W.  Gender 
fully  describes  the  operations  since  last  report,  and  is  of  interest  as  showing  bow 
difiiculties,  which  might  well  have  discouraged,  were  intelligently  met  and  overcome. 
Attention  is  invited  to  the  maps  of  Assistant  Engineer  Craig,  showing  condition  of 
river  in  vicinity  of  Gold  Dust  October,  1884  (Plate  VI),  and  comparisons  of  this  with 
its  condition  October,  18H;l  (Plato  V). 

Fletcher's  Field  Revetment  {Plate  X). — This  is  to  extend  eventually  from  Mill  Bavoa 
down  to  near  the  head  of  Upper  Osceola  Chute;  493  runninj^  feet  of  mattress,  175  feet 
wide,  is  in  place,  and  800  feet  of  narrower  mattress;  the  object  of  the  latter,  narrower 
mattress,  having  been  to  check  disastrous  caving  promptly ;  2,000  feet  of  high-water 
prot'Cction  is  partially  laden  with  stone,  and  there  is  a  reasonable  prospect  that  at 
all  points  where  work  has  been  commenced,  the  end  of  the  season  will  find  the 
work  completed  in  its  details  as  far  as  it  extends.  The  c<mtinuity  of  this  work  is  in- 
terrupted by  a  heavi ly  interlaced  mass  of  fal  ten  t  iniber.  As  far  as  the  power  of  the  boat 
would  admit,  this  was  removed  by  the  snag-boat  John  R.  Meigs,  temporarily  placed  at  ray 
disposal  by  Maj.  A.  M.  Miller,  Cori)s  of  Engineers,  U.  $.  A. ;  for  the  heavier  mass,  it  is 
hoped,  and  by  the  engineer  officer  in  charge  of  the  Mississippi  River  snag-boats 
deemed  x>robable,  that  the  services  of  one  of  the  heaviest  snag-boats  ceuld  be  secured 
to  remove  so  much  of  the  rack-heap  as  was  too  heavy  for  the  Meigs.  Besides  this, 
trouble  arises,  as  at  Bullertou  Tow-head,  from  seepage.  The  maximum  caving  in  this 
bend  betwt-eu  October,  1888,  and  May,  1884,  occurred  at  range  3iH,  and  amounted  to 
700  feet. 

Osceola  Upper  and  Loxcer  bars. — On  pages  .%6-369,  Report  of  Mississippi  River  Com- 
mission, l^^,  is  shown  the  condition  November  1, 1885,  of  the  dikes  and  bank  protec- 
tion near  these  bars.  Since  then  Dikes  1  and  2  have  needed  little  attention.  The 
mass  of  drift  in  front  of  No.  1  was  consolidated  by  the  rise  of  the  river  and  increased ; 
the  first  dei)osiC  near  the  dike,  not  rising  with  the  water,  the  rest  floating  over  and 
lodging  upon  it,  and  more  in  front  of  it.  The  low- water  shore-line  now  comes  in  front 
of  the  line  of  the  dike,  as  shown  in  the  sketch  of  Assistant  Engineer  ^y.  L.  Seddou 
(Plate  XII).  Behind  the  dike  the  chute  is  dry  at  a  10-foot  stage,  and  for  two-thirds 
of  its  width  tilled  nearly  to  the  height  of  the  adjacent  tow-head,  and  covered  with  a 
growth  of  young  willows.  Dike  No.  3  has  been  closed,  and  repairs  made  at  the  end 
where  the  river  tended  to  flank  it.  Thirty  acres  of  drift  are  now  accumulated  almve 
it.  No  revetment  work  has  been  done  on  the  upper  bar.  By  Deceml>er26, 18^,2,663 
linear  feet  of  mattress,  about  150  feet  wide,  had  been  sunk  in  front  of  the  lower  bar. 
The  Hupply  of  material  did  not  render  practicable  the  resumption  of  work  hero  until 
last  AnguHt,  when  it  was  found  necessary  to  add  at  the  head  a  mattress  lf'S37  feet 
long,  to  connect  the  earlier  mattress  with  the  shore.  The  bank  above  all  mattress 
work  is  now  graded  to  a  s1oi)e  of  1  on  from  2^  to  «H*  o,u6.  972  linear  feet  are  revetted 
with  brush.  It  is  not  doubted  that  Assistant  Engineer  Seddon  will  have  the  reTettnent 
work  well  up  with  the  mattresH  work  by  the  end  of  the  season.  His  report  for  this 
secticm  of  the  reach  is  attaclie<l  (F.  4;. 

(h<ieola  Xo.  4  — This  dike  had  been  approximately  located  near  the  foot  of  Osceola 
Chute,  but  a  survey  in  the  Kpring  of  this  year  indicating  a  tendency  of  the  river  to 
cut  across  the  foot  of  Osceola  Chute  and  thence  into  Bullerton  Chute,  I  changed  the 
location  to  juHt  below  the  foot  of  Osceola  Bar,  parallel  to  and  100  feet  aboTe  nmge 
48|.  It-s  length  is  2,450  f(>et.  Fhe  construction  of  the  Arkansas  end  of  this  dike  was 
rendered  difllcnlt  by  the  river's  taking  the  expected  turn.  Caving  commenced  at  the 
bank  and  heavy  scour  set  in  across  the  dike  location,  giving  a  depth  of  watcff  of  50 
feet,  which,  however,  was  somewhat  avoided  by  an  oftset  in  the  dike.  Large  aconma- 
lations  of  drift  have  occurred  above  the  Arkansas  end  of  the  dike  durinjg^  the  recent 
rise ;  during  August  and  Sept^^niber  a  All  between  the  rows  of  the  dike  oflrom  5  to  SO 
feet  has  taken  place,  and  one  of  15  feet  100  feet  behind  the  dike.  No  scour  nor  tend- 
ency to  the  same,  has  been  discovered. 

The  report  of  Superintendent  James  M.  Riley,  hereto  attached  (Appendix  F  6  and 
Plat4)  XI),  gives  a  clear,  conciHC  statement  of  difficulties  cnconntered  and  largely  1^ 
his  persistent  energy  overcome. 

liuUerton  Tow-head, — At  date  of  last  report  in  this  vicinity  the  revetment  of  the 
tow-head  retiuired  for  its  com])letion  500  feet  of  mattress,  2,700  of  revetment,  and  mneh 
distribution  of  stone.  It  has  since  been  completed,  but  repeated  repairs  have  been 
and  still  are  necessary.  I  estimate  that  at  the  present  time  750  feet  need  repaiis 
which  in  extent  will  iunount  to  renewing  the  revetment  or  high-water  protection. 
ThcHo  repairs  can  not  be  considered  general,  for  the  general  condition  of  the  work  la 
good;  but  are  coniined  mainly  to  special  localities  where  their  need  recnrSy  and 
where  seepage  prevails.  The  total  protectiou  is  8,700  feet  long ;  the  repairs  therein 
made  during  June  and  Jnly,  1H84,  recpiired  l,:t01  linear  feet  of  mattress,  45  toM  feet 
wide,  1,105  lin(>ar  feet  of  revetment  and  1,001  «>f  grading.  lu  Jnly  it  was  found  to 
bo  possible  to  undertake  Bullerton  Dike  No.  2,  which  1  detinitely  located  at  tbe  Sans 
8ouei  section  of  the  chute.  Later  work  was  started  on  the  closure  of  No.  1,  of  neoetaity 
left  unfinished,  last  yoai'^s  only  practicable  low-wat(^r  channel  being  down  the  ofauifli 
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The  chaoge  of  directiou  required  by  deep  water  in  No.  I  last  season  being  no  longer 
needed,  it  will  be  completed  on  the  line  of  direction  of  the  tow-head  portion.  Openings 
tbroueh  both  Noe.  1  and  2  were  necessary  to  give  access  to  Osceola  No.  4.  bnt  orders 
have  been  given  to  leave  drivers  at  No.  4  with  a  supply  of  material  and  close  No.  1. 
At  a  higher  stage  these  drivers  can  be  gotten  out;  the  season  is  too  nearly  at  an  end 
to  allow  of  any  delay  in  the  completion  of  the  lower  cross-dikes.  The  sites  of  both 
of  these  have  been  mattressed  their  entire  length ;  the  lower  dike  will  have  a  tipped 
mattress;  the  upper  will  uot. 

Superintendent  A.  J.  Nolty's  report  (Appendix  F  6),  together  with  his  sketch  (Plate 
XIV),  shows  condition  and  location  of  work,  which  he  has  administered  with  energy 
And  economy. 

Plum  Point  Dikes. — The  plate  (Plate  XIII)  attached  sufficiently  indicates  their 
location  and  present  extent.  At  the  close  of  last  season  3,445  feet  of  dike  had  been 
built.  October  1  this  had  been  increased  to  15,010  feet.  In  accordance  with  pro- 
ject amended  by  the  Commission,  cross-dike  No.  3  has  yet  to  be  extended  100  feet ; 
No.  4,  400  feet;  and  No.  5,  500  feet.  Whether  it  will  be  necessary  after  these  exten- 
sions to  further  extend  the  entire  system  remains  to  be  seen.  Tbe  channel-way  re- 
maining varies  from  4,000  feet  in  width  at  the  foot  of  Bullertou  Tow-head  to  4,800  feet 
at  the  head.  Still,  no  extension  uot  already  projectrd  should  be  more  than  considered 
until  the  work  in  Bullertou  Chute,  at  the  foot  of  Lower  Osceola  Bar,  and  the  repairs 
of  Bullerton  Tow-head  revetment  are  completed.  The  dikes  so  far  built  have  served 
to  close  one  channel  to  the  left  of  Bullertou  Bar,  aud  will,  it  is  hoped,  tend  to  check 
the  wearing  away  of  the  head  of  Yankee  Bar. 

For  details  of  construction  aud  statement  of  work  accouiplished,  reference  may  be 
had  to  the  report  of  Assistant  Engineer  S.  P.  Hatfield  (Appendix  F  7),  whose  charge 
of  the  work  has  been  well  administered. 

Craighead  Point  lievtiment. — While  during  previous  seasons  the  necessity  of  ulti- 
mately revetting  Craighead  Point  from  Bullerton  Tow-head  down-stream  was  ad  luitted, 
no  immediate  urgency  existed.  But  this  season  the  bar  in  front  of  the  Lower  Osceola 
Bar,  moving  down-stream,  partially  closed  the  entrance  to  the  channel  immediately 
ilong  the  front  of  Bullerton  Tow-head,  and  the  water  passing  mainly  around  the  head 
>f  Yankee  Bar  and  through  Bullerton  Bar  united  to  cause  rapid  caving,  both  by  direct 
fcssaalts  and  by  indirect,  the  latter  arising  from  the  bar  formation  where  these  two 
Sorrento  met,  passing  close  to  the  Arkansas  shore.  Operations  were  carried  on  dur- 
nff  August  and  September,  but  were  attended  with  success  in  August  only.  Diffi- 
tmties  encountered  during  September,  arising  from  current  and  drift,  were  not  sucoess- 
iilly  crvercome.  The  location  of  work  done  is  shown  in  the  sketch  attached  (Plate 
!CV),  and  the  disasters  attending  the  startiug  of  new  mattresses  aud  struggles  with 
Irift  are  set  forth  in  the  report  of  Assistaut  Engineer  F.  A.  Yeager.  (Appendix  F  8.) 
Rr9ult9, — These  are  set  forth  in  the  report  of  Assistaut  Engineer  N.  B.  Craig,  who 
las  had  charge  of  surveys,  and  has  energetically  carried  them  on  despite  much  sick- 
lefis  of  himself  and  party.  Attached  to  this  report  are— Plates  I  and  II— a  map  of 
reach  as  surveyed  May-June,  1884  (2  sheets);  III,  areas  of  effective  lo w- water cross- 
lectiuus,  October,  1881,  October,  1883,  and  May,  1884;  and  scour  and  deposit  between 
October,  1881,  and  October,  188:5;  Plate  VII,  condition  of  river  in  vicinity  of  Buller-. 
Eon  Tow-head,  low  water  of  1884 ;  IV,  comparison  of  this  with  condition  October, 
L8d3;  VI,  condition  of  river  iu  vicinity  of  Gold  Dust  dikes,  low  water  of  1884 ;  V,  com- 
parison of  this  with  condition  October,  1883.  The  second  shows  an  increase  of  ef- 
fective area  of  low  water  between  October,  1881,  aud  October.  1883,  from  Gold  Dust 
to  Elmot,  a  marked  increase  at  head  of  Bullerton  Chute,  and  a  decided  decrease  along 
Bullerton  Tow-head,  the  decrease  continuing  to  Craighead  Point.  The  comparisons 
with  Ma^v,  1884,  are  comparisons  of  low- water  stages  of  1881  and  1883,  with  a  sta^e 
of  1H84,  lutermediate  between  high  and  low,  of  interest  as  showing  an  increase  m 
area  of  cross-section  along  the  front  of  Onceola  Lower  Bar  during  a  high  stage.  Mr. 
Craig's  report  also  describes  in  general  terms  tbe  changes  in  vicinitv  of  Bullerton  Bar, 
and  gives  data  of  importance  concerning  locations  and  extent  of  caving  banks  on 
this  reach,  notably  a  caving  of  400  feet  on  Tennessee  shore,  750  feet  below  range  25 
between  October,  188:$,  and  April,  1884  ;  a  caving  of  700  feet  between  October,  1883, 
and  May,  1884,  on  Arkansas  end  of  range  33^  ;  a  recession  down-stream  between  the 
same  dates  of  the  head  of  Yankee  Bar,  amounting  to  740  feet,  and  a  caving  of  380  feet 
at  Arkansas  end  of  range  63^  between  October,  1883,  and  June,  1^^.  Four  maps 
(Plates  VI  and  VII),  relating  to  Gold  Dust  aud  Bullerton,  prepared  by  him,  give  com- 
pletely the  changes  between  the  low  waters  of  1883  and  1884,  which  have  occurred  in 
the  immediate  vicinity  of  dike  works. 

Of  the  discharge  observations  that  of  September  15, 1884,  shows  a  discharge  through 
Bullerton  Chute  of  23.7  per  cent. ;  through  the  Tennessee  Channel,  18.3  per  cent.  ; 
through  the  Bullerton  Bar,  or  middle  channel,  31.3  per  cent.,  and  along  outside  of  Bul- 
lerton Tow-head,  26.7  per  cent.  In  other  words,  at  this  low  water  three-fourths  of  the 
river  passed  outside  of  Bullerton  Chute  ;  last  low-water  season  only  one-half  passed 
outside.    September  15, 1884,  the  area  of  Bullerton  Chute  discharge  aeotion  was  two- 
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Bi'vrntlis  of  tbo  sum  of  the  sections  of  the  four  channels.  During  August  autlibf 
eailicr  part  of  September  Bullerton  Bar  re-established  its  clnim  to  being  aii  impiili- 
uHMit  to  navigation.  It  was  on  record  as  having  l>eeu  snch  prior  to  improvenienl 
^vork  coiniiicncing  on  this  reach  ;  but,  since  tbis  commencement,  had  never  so  shown 
itself  until  ibis  summer.  About  8^  feet  could  be  carried  throngh  for  the  time  in 
question,  but  tbo  channel  tv' as  narrow  and  tortuons,  scarcely  deserving  the  name. 
Steamboats  lightened,  and  in  broad  daylight  went  aground.  This  state  or  aflfairseon- 
lirms  me  in  the  belief  tbat  the  satisfactory  depth  over  Bnllerton  Bar  dnring  prtfTioois 
seasDUH  should  not  be  attributed  to  works  then  going  on.  Not  without  interest isa 
com])nriK<)n  of  the  reduced  channel  depths  over  Bcilerton  Bar,  shown  on  Assistant 
Crai;;\s  outline  map  of  May-June,  1884  (Plate  II),  and  the  depths  as  shown  on  his 
map  of  same  vicinity  at  low  water  of  lt<84. 

Tbe  low-water  survey  of  next  season  and  of  188t>  may  be  expected  to  indicate 
wlietber  or  no  advanee  is  being  made  in  securing  a  natisfactory  lowo water  chanuel 
a1on<r  the  front  of  Bullerton  Tow-head.  This  season  all  that  can  be  claimed  for  tbe 
dikes  iH  that  tbey  assisted  in  removing  obstacles  to  low-water  navigation  t^ioortbiee 
wet'kts  earlier  than  nature,  unaided,  removed  them  elsewhere  in  the  river.  Neztaeason. 
I  believe,  they  will  materially  aid  in  preventing  their  recurrence. 

Tbe  details  of  cost  to  date  of  work  so  far  performed  at  the  various  stations  are  given 
in  tbe  loJlowing  table. 

In  tbe  ease  ot  Bullerton  Tow-head  Revetment  the  cost  of  completed  work,  perlioev 
foot  of  bank,  is  given  ;  but  the  cost  of  completed  protection  and  dike-work  caonot  jei 
be  given  in  case  of  ihe  other  works  yet  incomplete. 

Estimated  cost  of  icorks  of  constructian  near  Plum  Paint,  Tenn,,  to  Odoher  1, 1864. 
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Aahport  liaiik  Ecvutiuent  .. 

Cold  DuHt  Dikes 

FU'li'hor'H  Fii'ld  Kevetment 
OhcooIii: 

Upper  diko 

Middlo  (liko 

('rosrt  diko 

rppt'i-  lliir  Kovutinent .. 

Lower  Bar  UeVftmiMit 
Bidlvrton  : 

Muin  diko 

Crosrt  dike  No.  I 

CniKH  dike  No.  2    .     — 

Tow-hfuid  Rovctiueiit . .  ■ 

Plum  Poiut  Diki'H 

Craighead  Point  Revetment. 


'■  Labor  on 
I  couBtmc- 
I       tion. 


$.^  140  72 

110,018  59 

16. 385  48 

0, 035  44 
9, 129  00 

31.36H  49 
.^  UUSI  27 

l»J,3K.'i  4H 

17,.TJ1  K) 
14,  044  70 
11,001  (H 
42. 830  34 
62,733  02 
5,383  80 


Material 

for  con- 

Btroction. 


Subsistenoa 


Repair, 

coats,  and 

ontilt  of 

plant. 


Care  of 
property. 


$5,041  40 

107,703  60  ' 

10,041  01 

8.  845  48 
8. 037  14  I 
30,707  08  I 
4,W3  97  . 

10,011  ni 

I 

IH,  957  64 
13.  749  44 
10, 770  40 
41. 935  79 
61,414  20 
5,270  62 


$2,852  27 

60,934  05 

9,075  42 

5,004  48 
6.056  29 
17,872  92 
2,774  48 
0,075  42 

9,504  02 
7,778  92 
6.093  48 
23,725  71 
34.745  82 
2.98L  92 


$8,  ISO  61 

178,488  04 

26,887  07 

14,247  80 
14,885  46 
40,461  26 
7,800  04 
26,887  07 

27,814  43 
22,146  83 
17,348  86 
67,647  88 
08.028  66 
8.480  62 


11,08171 

88,420  18 

8.478  06 


Totals I  355.800  87 


348. 318  80  ;    197, 065  75 


661,058  60 


1.808  40 
1,888  14 
0,010  50 
1,001  00 
8,478  07 

8,078  17 

2,  on  a 

2,888  81 

0,06117 

18,880  88 

1,141  84 


x-f 


7^480  08 


14,  on  70 

.  7,7»0^, 
7,819^^ 

26.  n»: 

4,»l  - 

14,874 
12,080 
9^447  j^ 

i6B2^ 


805^685  4^ 


Work. 


General    - 
'  adniinirtlra* 
I     tion  of 
i      office.      I 


Survey. 


Miftcellane* 

OOB. 


Total  cost 


Ashport  Bank  Ilev<-tmc'nt .. 

(ruicl  UllHf  I»i'':«rt 

Fi(t<-.iirr\s  J''i<  Kl  Kcvutiuiui. 
(»sct*<»la : 

UppiT  dilvi- 

MMldlodiki  

C'rortH  dikr     

rpptT  Bar  KN-votment  . 

Low*  r  liar  K<'vi-tment  . 
Bullerton : 

Main  diko 

('roHrt  diU»"  No.  1 

CroHH  dik«»  No.  'J    . . 

Tow-lit'ad  Kfvcinunt  .. 

Plum  Toinl  DikcM 

Craij;hfu<l  Piiint  llvvetuient . 


$r>.%3  01 

11.814  •IB 

1. 75y  .-^ 

970  30 
OHO  00 

3,  .168  34 
537  03 

1,  750  f)8 

1,800  13 

l.OOS  1»3 

1.  IHl  3.1 

4,  (!(»()  U.'> 
0,  730  C7 

578  10 


$372  30 
7.0.--4  (Hi  I 
1,184  50  ' 

(w;l  22  I 
6r»9  98 

2,  2C7  .W 
302  13 

1,184  66 


1, 252  25 
l,Oir>  34 

795  .ir> 
3, 090  78 
4,  fM  23 

3h9  22 


$237  74 
!^,  07H  75  ' 
7M  44) 

417  14 
421  47  I 
1, 448  09  > 
231  26  I 
756  40 

799  69 
648  40 
.'>07  91 
1,  977  02 
2.890  16 
248  54 


TotttlH :W,2u777,     2,^721  57  I     16,42r>  69 


027,840  04 
694,882  06 
•  86,584  84 

48,700  81 
40,800  88 
160,676  68 
27,081  04 
88,684  86 

03,646  87 
75,020  80 
69,478  29 
231,686  22 
839,  l.'i2  61 
29,106  46 


1,023,668  48 


erad  by 
ocntneia. 


Appnsr 


$10  84i 
*1&26^ 

14  40< 

16  «7' 

fUtfJ 

17 IC 

8  7#- 


119^ 
421  J 
42  4J 

U*26lg 
220 


«^1|M0x«|Mira. 


tOo/nDtiMei  biiJMMta  SittAtepMtb 


{ iMn  Mi^^Mn* 
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Etiimaltd  ralae  of  planl,  firtl  ditlrici,  Mieai»sippi  Eirer. 


OHft 

Be. 

OriRlul 

CnJt 

No. 

BXhuMd 

*3,  310  00 
W.4MIKI 

US.  ub  00 

ii,i«ioo 

a/ioooo 

iiii 

1 

%34B00 

S".^f;:u'^t;::::::::::::::::, 

11!,BT8  00 

a^ueoo 

Skiffs  . 

i,aiooo 

I,  moo 

us,  1*3  50 

S»,83OO0 



I  of  IS  qnaiier-txiau. 


$6aDk. 


The  l»uui;b  and  bar{;es  sunk  were  ii  totiil  Ions.  The  quarter-boat,  no  lonffer  safe 
float,  has  b»«ii  floated  untou  the  bank  at  hifthn-ater,  nud  non- serves  aa  an-orhshop. 

The  oitmlier  of  barKis  iiviiiluble  hiiH  provi'd  insufficient.  EHorts  to  cbarler  adtfi- 
onal  onos  bavp  oot  been  altpndr^  TCitli  nmcli  niicreui.  For  Dext  seoson's  nse  more 
U'i;e8  nmst  be  built.  Sunjir  if  not  all  of  Ibese  sbniilit  be  iron,  uh  I  sue  no  reason  nhy 
ley  could  not  be  usfil  and  ihtrf  by  eti'cot  n  tondiclerabtu  saving  in  the  annual  expeose 
'repair  of  barges. 

At  leaat  one  more  Hteambout  it'ill  be  needed  for  lonji;  towage  of  brush  and  nolaa. 
DetuilH  of  eonslniclinnof  pilo  dikes  are  Het  forth  in  ibe  report  of  A.  J.  F^itli,  aunet- 
it  «n);ineer  in  local  charf:e  (Api>eudis  Fl).    The  attention  andntadir  given  byhiii> 

tbeae  lias  rpsnlftd  iu  a  Ibrm  of  eonatruclion  wliicli  will  probably  need  no  further 
odiflcatioiiH.  With  nJattrirss  laid  in  advance  of  dike  conHlrncliou,  and  iu  obutes, 
OD^  the  t'utire  dike  location,  befoni  tb>-  dike  proper  is  commeoceil,  |iile  work  can 
rtainly  be  proitecuted  in  30  feet  of  water.  But  iu  swift,  currents  tbo  upper  mat- 
ork,  ns  tip|ie<t  niattresscB  or  wattling,  nhonid  uot  follow  pile  work  tinlil  the  latter  is 
iry  nearcnmpledon.  In  caseof  closiugehutesoTof  a  ayHlem  of  dikes,  especial  etndy 
4>iild  be  given  lo  tliu  order  iu  which  work  is  to  be  done.  Access  to  work  in  process  of 
■DBtrrctiou  oboulit  lie  nureatritted  'oy  other  work,  either  in  like  stage  or  already 
'iDpIcted.     The  closing  of  openings  lel't  through  some  work  to  reach  other  is  likely 

be  expensive  and  slow.  Longitudinal  dikes,  fnmishiug  a  boundary  to  the  pro- 
ct«d  channel,  should  uot  be  vonslrncted  until  all  cross  dfkes  in  rear  are  built  out  to 
leir  fnll  extent.  Earlier  construction  of  these  tends  to  prevent  nsefnl  deposits  of 
■ift  over  areas  where  fill  is  hoped  for,  and  access  to  cross  dikes  which  may  need  re- 
tirs  before  the  resnils  i'xpecte<l  from  thcni  have  been  realized-  Tipped  maltresaes 
iDuld  be  placed  in  ihe  dowu- stream  dikes  of  a  system  j  Ihoso  inteniled  to  catch  drift 
y  not  uei'd  them.  Theirnseon  intenuedi  ate  dikes  isof  doubtful  utility.  Eevettiog 
xls  of  dikes  ill  cboti!fl  is  advisable;  revettingslmreeuilHof  spur  dikes  which  are  run 
,it  from  convcs  points  is  of  course  nor  neci-ssarj-. 

Though  lill  ispropor<i'>nallobei};ht.  ofdike,  it  is  uot  r>'C<in)iuended  therefore  to  raise 
1(1  lop  of  the  dike  alxivi-  a  mean  "ttini;,  but  to  lake  tliis  adviiuta};e,  vi^,  iu  looatious 

hi-ni  the  i^natrnclionof  adiki)  is  advisable,  audwberi-ileptbol' water  does  not  pre- 
eiit  it,  pnieecnte  this  conatniction  during  bigb-wa'er  stages,  keeping  tops  of  dikes 
>  lowest  eli'vutions  neces!.iliited  bv  high  water  and  reducing  the  beighls  as  Ibe  river 
ills,  iinlil  the  tops  are  on  a  levi-1  with  the  meau  river  stage.  Below  this  tlie  top 
ue  sbouhl  not  go. 

It  i»udvi>iiible  that  cypress  piliugsboiildreplace  Cottonwood  to  a  greoterextent;  the 
ifllculty  iu  the  way  is  that  contracts  for  cypress  piUngare  better  made  at  the  close  of 

working  reason  Ihuu  at  the  lieginniiig.  Cypress  brakes  in  thisdistrict  ate  at  acon- 
idt-rable  diNtnner  I'tiini  the  river,  ivi|iitring  at  low  water  a  haul  loo  lung  to  be  con- 
idered,  while  at  higb  water  the  piling  can  be  flmiteil  out  1o  the  e<lgo  of  the  banks 
eadv  for  rafting  us  ii-ijniied.  But  this  otherwise  tioi'-ly  si^hhou  i»  geiierallv  very  no- 
inieiy  for  the  n-nww  thai  fiiiiils  iin-  (bi'ii  aluin«t  cxhiinstcd.  and  it  is  not  kuown 
ibcliier  another  appioprialion  will  \k:  ii;i3seil  by  Congress  or  wlieu  it  may  Ve  ttr- 
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pected.    Hardly  a  proper  condition  of  affairs  with  which  to  enter  upon  a  contract  ftr 

a  delivery  of  material. 

Protection  work  has  not  yet  proved  an  entire  saccess.  While  in  depths  of  from  50 
to  70  feet  it  seenirt  ])robiil)1e  that  a  bank  can  be  held  against  assanlts  from  the  wtt^r 
side,  the  method  of  protectinfi;  a  bank  from  the  influence  of  seepage  water  hasnotyd 
been  devised.  Trouble  ^vith  drifts  may  l>c  obviated  by  the  use  of  fender  barges  to 
slant  the  drift  from  the  head  and  Hank  of  a  mattress.  Care  should  be  taken  thst  the 
close  ot  the  working  season  finds  all  mattress  work  accompanied  by  correBpooding 
completed  upper  bank  ])rotfetion  ;  otherwise  it  will  probably  be  necessary  the  follow- 
ing season  to  construct  another  interior  mattress. 

The  (jUesHon  of  timely  supiilies  of  material  is  still  troublesome,  though  less  so  than 
in  former  seasons.  But  with  a  large  increase  offeree  engaged  in  protection  work,  to 
obtain  the  re(|uisite  sup]>lies  of  bnish  and  poles  will  be  no  easy  matter.  At  hij^ 
water  the  willow  cam])s  are  overflowed.  At  intermediate  falling  stages  they  are  quag- 
mires, and  at  low  water  many  of  them  are  inaccessible  to  barges  and  steamb(Mt8. 
The  ini])ortan('e  of  this  subject  nuiy  be  seen  when  it  is  known  that  during  the  period 
covered  by  this  report  there  have  been  used  on  this  reach  32,i)91  cords  of  bmBhand 
3,721)  cords  of  poles. 

All  work  has  been  done  by  hired  labor.  In  purchasing  brush,  piles,  and  poles,  writ- 
ten sealed  ]»ro))osals  have  been  obtained  in  response  to  circuiar  letters  to  princi^l 
dealers.  The  prices  paid  for  thes4'  articles  are,  piles,  3f  cents  per  running  foot  deliv- 
ered at  the  works;  brush  and  poles  delivered  on  barges  at  $1.07  and  |2  per  cord  re- 
spectively. Fresh  beef  has  been  supplied  under  contract  at  7  cents  per  pound.  A 
large  anmunt  of  wire  was  contracted  for  by  the  purchasing  agent  of  the  Couimiseion, 
an<i  i»roposals  have  roct-ntly  been  received,  nfter  advertisement,  and  accepted,  for 
supplying  grocers' supplies,  canned  fruits  and  vegetables,  salt  meats,  and  millers' sap* 
]>lies.  One  contractor,  (-.  Mark  Cole,  having  failed  in  his  delivery  of  piling,  monep 
duo  him  at  the  time  of  failure  wore,  as  per  agreement,  forfeited  to  the  United  States. 

Work  to  be  done  in  accordance  with  existing  projects  and  between  Aehpovt  iod 
Craighead  Point  is  approximately  as  follows: 

YWt 

Ash]»ort  to  Gold  Dust  Revetment 18,000 

Mill  Bayou  to  head  of  Osceola  Chute  Revetment 18,500 

Upper  Oscfohi  Bar  Revetment - 3,000 

Lower  Osceola  Bar  Revetment 5,600 

Upper  side  of  Craighead  Point  Revetment *..  14,000 

Total 50,000 

Gold  Dust  Dikes l,4o6 

Osceola  No.  4  Dikes ' 30O 

Plnm  Point  Dikes 1,000 

Bullerton  Nos.  1  and  2  Dikes l,00(^ 

Total 3,700 

In  addition  it  may  be  thought  advisable  to  revet  head  of  Yankee  Bar 2,000 

Revet  head  of  tow-head  to  the  west  of  Island  30 400 

Total 2,400 

And  to  construct  s])ur  dike  near  foot  of  Elmot  Chute 1,500 

2  spur  dikes  at  Plum  Point 1,200 

Total 2,700 

Projected  work: 

59,000  feet  of  revetment  work,  at  t25 $1,475,000 

3,700  feet  of  dike  work,  at  $25 92,500 

Suggested  work: 

2,400  feet  of  revetment  work,  at  $25 60,000 

2,700  feet  of  dike  work,  at  $22 59,400 

Total  estimated  cost 1,606,900 

It  is  thou<:ht  that  this  construction  work  will  continue  to  increase  in  cost;  the  diffi- 
cult/of  gj-tting  material  continually  increases,  and  with  this  the  cost.  Moreover, 
metinKls  of  rcv«'tting  banks  inlhu^nced  by  seepage  will  be  more  expensive  than 
ordinary  i»ank  juotection. 
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STATEMENT. 

otments  from  appropriation  of— 

March  3,  1881 $568,095  18 

Augusta,  18H2 1,077,000  00 

January  19,  1884 365,000  00 

July  5,  1884 300,000  00 

llected  from  employes  for  lost  property  and  deposited  in  United  States 

rreasury 20  00 

jportion  of  allotments  for  general  service  charged  to  Plum  Point. 

leach 41,025  50 

Total 2,351,140  68 

pendedtodate 2,030,896  80 

Balance 320,243  88 

)f  this  balance  $130,723.88  are  drawn  from  the  Treasury,  $28,000  are  in  transitu, 
i  $85,000  applied  for,  for  use  in  November,  1884.  Hence,  $76,520  is  the  estimated 
iauce  December  1,  1884,  for  prosecuting  work  and  caring  lor  plant  until  another 
propriation  is  made. 

iweral  matters  relating  to  the  first  district. — On  the  Plum  Point  Reach  a  study  of 
koee  requiring  attention  develops  many  where  the  need  of  protection  is  urgent,  and 
>n  with  the  district  itself.  Excessive  caving  characterizes  the  vicinity  of  Hick- 
n,  Columbus,  New  Madrid  Bend,  aud  the  bend  of  Island  35,  and  considering  its 
(sible  eflfect  on  the  tirst  district,  1  trust  I  may  be  allowed  to  invite  attention  to  the 
id  opposite  and  below  Cairo.  Should  systematic  bank  protection,  progressing 
irn-stream  from  some  determined  origin,  be  undertaken,  that  origin  should  be 
<;ed  above  Cairo  on  the  Mississippi.  But  such  j)rogressive  work  will  be  slow,  and 
the  mean  time  it  would  be  well  to  undertake,  simultaneously,  such  as  will  tend  to 
jrove  the  river  where  caving  is  progressing  with  exceedingly  injurious  rapidity. 
)f  these  points,  it  certainly  needs  no  defense  to  select,  other  things  being  equal, 
«e  where  damage  being  done  to  property  is  greatest.  Such  a  selectiou  w^ould 
ange  the  points  above  named  iii  the  following  order:  Bird's  Point,  New  Madrid 
»nt  (not  Bend).  Island  3;")  bend,  Darnell's  (New  Madrid  Bend),  Columbus,  andHick- 

D. 

lie  following  table  gives  the  total  expenditure  on  the  first  district,  and  also  includes 
,636.68  liabilities  incurred. 

Statement  of  money  disbursedj  first  district^  Mississippi  River. 


Plam  Point  i  New  Madrid. 


eral  administration 

«    

>  of  property  

itruction  of  plant 

niers,  towage,  &.c 

Bistence 

rey  

or  on  plant 

or  on  construction  works 

erial  for  i-onstructiou  works. 

rters   

cellaneoQs 


$117,458  74 

20,  749  03 

75, 429  0:J 

476,301  4« 

324,  943  44 

197, 0^)5  75 

25,  721  57 

161,  698  88 

355,  800  87 

348,318  80 

37,  562  22 

■  16,  42.>  69 


Todato 2,057,533  48 


»ende<i  as  per  report,  1883 $l,573,0a7  25 

tended  since 699,  708  25 


2,  272,  705  50 


Plum  Point... 
Now  Mad: id.. 
Saint  Francis 


Saint  Francis 
Front. 


1 

$683  98 

21  00 

18  50 

193,  549  99 

7,296  50 

• 

4,  555  69 
20  00 

$4,873  il 

4. 213  25 


210. 358  91 


4,873  11 


$2, 057, 533  48 

210. 358  91 

4,873  11 


2, 272, 765  50 


Very  respectfully, 


Jeut.  Col.  C.  B.  CoMSTOCK, 

Corpn  of  Knfjiueirn,  U.  S.  A., 

President  MiasiHuippi  Hivcr  Commissian. 


John  G.  D.  Knigut, 
Captain  of  Engineers,  U,  S,  A, 
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F  1. 

I 

report  of  arthur  j.  fritd,  assistant  engineer,  upon  the  improvement  of  the 

mississippi  river  at  plum  point. 

United  States  Engineer  Office, 

Elmoif  Ark.,  October  1,  IcftM. 

Captain  ;  I  have  the  honor  to  make  a  rei)ort  on  the  improvement  of  the  MisyiKiippi 
River  at  Phim  Point,  1  enn.,  covering  the  period  between  Kov  nibtT  1,  ItSJ,  ao'i 
October  1,  1S6A. 

By  reference  to  map  (I  and  II)  accompany  in  ji^  A8Mi»tant  Craig'N  report  it  ^vil]  Ih^ 
seen  that  the  work  on  this  reach  may  be  divided  into  tive  distinct  statiooH  or  {loiotfl 
of  operation,  the  objccct  of  which  is  to  concentrate  the  bulk  of  water  within  a  Hingie 
channel. 

1.  The  closing  of  the  chutes  between  Elmot  Bar  and  the  Tennessee  shore  by  the 
main  and  ctobh  dikes  at  and  below  Gold  Dust. 

2.  The  ))rotcction  of  the  Arkansas  shore  from  Fletcher's  Landing  to  Elmot  agaioRt 
the  continual  encroachment  of  the  river. 

3.  The  dosing  of  tho  chutes  between  the  Arkansas  shore  and  Osceola  Bars  and 
Bullertou  Tow-head  and  the  protection  of  the  river  banks  of  the  latter  island. 

4  The  encroachment  of  the  Tennessee  shore  npon  the  river  bed  by  main  and  crort 
(likes b«low  Plum  Point. 

5.  The  protection  of  the  Arkansas  shore  below  Bnllerton  Tow-head  against  fitrtber 
caving. 

On  November  1,  If 83,  iind  previous  to  the  high  water,  the  condition  of  thew?  sev- 
eral sc«;nes  of  operations  were  as  follows: 

At  Gold  Dust.  ther<*  was  a  main  dike  running  from  Gold  Dust  to  Elmot  BariiKi 
seven  cross-dikes  between  it  and  the  Tennessee  shore,  namely:  CropS-dikeKo.  l,Kn.l 
A,  No.  1  B,  No.  *J.  No.  3,  No.  4,  and  No.  f).  The  portions  of  these  dikes  lying  npon  the 
continuation  of  Elmot  Bar  were  of  the  earlier  type  of  construction  and  are  deemed 
weak. 

Those  nearer  the  channel  portion  an>  in  accordance  with  later  specifications  and  of 
much  better  const rn(;tion. 

There  was  a  eontiuuous  line  of  openings  thnuigh  the  main  and  cross  dikes,  follow- 
ing the  line  of  deepest  water. 

This  channel  had  been  imperatively  necessary  for  the  supply  of  material  to  i\iff 
various  localities  wh<*n'  work  was  in  i»rogress,  and  as  this  is  essentially  a  high-water 
<hute,  that  is,  itH  greatest  current  and  discluirge  being  during  the  higher  stages  ot 
the  river,  it  was  <'arnestly  desired  that  all  our  work  should  be  in  a  condition  to  with- 
stand the  attack  of  the  coming  season.  Lack  of  material  furnished,  due  greatly  to 
the  inclemency  of  the  weather,  rendered  futile  the  attainment  of  this  object.  The 
ojiening  in  Cross-dike  No.  5  was  closed  and  mattressed,  but  that  in  No.  4  was  onlj 
partially  tinished,  and  the  other  openings  were  all  clear  and  wide.  On  the  tuaindike 
and  bar  end  of  Cross-dike  — ,  foot  and  tipped  mattresses  were  finished,  but  weif 
weighted  in  many  instances  by  sand-bugs  in  place  of  rock.  At  St-ation  2  the  protec- 
tion of  Fletcher^s  Bend  had  not  been  commenced.  At  Station  3,  Osceola  Cross-dik« 
No.  1,  between  Upper  Osceola  Bar  and  the  Arkansas  shore,  was  complete  with  heavy 
drilt  piled  in  front  and  some  fell  behind  it.  This,  as  well  as  Osceola  No.2,  fnrthtf 
down  the  chute,  was  thoroughly  insj>ected  and  braced  with  wire  cables  duringtbs 
end  of  the  wason. 

Osceola  Cross-dike  Xo.  3,  between  Lower  Osceola  Bar  and  the  Arkansas  shore,  wM 
finished  an«l  niattressecl.     The  inner  shore  of  the  bar  was  mattresBiMl  andtheont^r 
shore  for  3,r»s:{  feet  was  pn»t«  eted  by  mattress  150  feet  wide,  of  which  the  latterpor- 
tion  was  sunk  just  ]>rt)vions  to  ilie  final  rising  of  the  river. 

In  Bullei!<«u*(:hule  tln'  cloving  was  but  panial, since  the  steamboat  channel  r* *^ 
thr<mgh  it,  iiid  the  final  \v»>rk  could  not.  be  doue  until  a  passage  waH  found  elsewher*^ 

At  this  point  there  was  the  main  dike  between  Osceola  Bar  and  Bnllerton  Tow-hc*^ 
and  Bnllerton  Cross-dike  No.  1,  which,  with  the  exception  of  the  apening  tonXetx^^ 
boats,  was  completed  and  niaf  tress<jd.  Bnllerton  Tow-head  was  ]nattre«8e<l  thnmg^^ 
out  its  entire  h?ngih,  and  we  were  able  to  iinish  and  load  the  entire  high-water  prC^ 
tection  befon*  the  final  rising  of  the  liver. 

At  Station  No.  4,  Cross-dikes  Nos.  1  and  2  and  the  main  dike  to  the  latter  wi  ^ 
driv«'n  with  an  o]>ening  Just  above  No.  I.     Of  this.  No.  1  and  the  main  dike  above  r 
w<'re  finisluMl  wij  li  i«»t)t  and  t  ipped  mat,  but  No.  2  and  the  lower  end  of  main  dike 
unmattress<Ml. 

At  Station  No. T)  no  efforts  had  as  yet  been  made  to  protect  the  Arkansas  shore. 

Duf  ing  November  the  river  rose  from  9  to  lc<  feet,  and  fell  again  to 7  feet  on 
ber  5ir»,  when,  ae.com])anied  with  ice,  the  winter  rise  set  in.     This  first  rise  was  sadde^ 
and  pressed  u^  closely.     Its  firnt  efleet  was  tf»  increase  the  current  in  Elmot  Ghatcs:^ 
tftMiou  Noi  Xf  tty  a  daugenms  ext^ty  etqi^etially  at  Oro8H-dik»  Na  5y  whueife  Ito 
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8  narrow,  and  to  canse  large  accnmnlations  of  drift  on  the  main  and  cross  dikes.  At 
^o.  5  the  head  of  the  water  was  beyond  all  expectations,  being  estimated  to  be  from  14 
.0  18  inches,  and  at  the  main  dike  much  less,  ])robably  not  over  5  or  6  inches.  No.  5 
like-htood  this  enormous  pressure  of  over  2  tons  to  the  running  foot  in  the  deepest 
)ortion  for  some  time.  Then  tLe  forward  brace  gave  way,  and  the  front  line  fell  back 
m  the  second.  It  remained  thus  for  a  time,  but  with  violent  shaking  of  the  indi- 
ridaal  piles  and  clusters,  when  it  finally  broke  in  several  places.  No.  4  was  also 
Uiuiaged,  but  all  olher  portions  were  uuinjured.  Efftirts  were  made  to  repair  the 
lamage,  but  rising  water  and  ice  soon  put  a  stop  to  all  operations. 

At  Station  No.  3  the  ettect  on  Osceola  No.  1  was  most  interesting;  at  the  first  rise 
ine-half  of  the  accumulation  of  drift  (300  feet  wide  in  front  of  the  dike  apparently 
larrowed  and  then  filled  out  again,  caused  by  the  drift  next  to  the  piling  being  buried 
knd  anchored;  so  thus  on  the  water  rising,  the  accumulation  behind  rose  and  floated 
>ver  it.    There  was  no  current  behind  this  dike. 

At  Osceola  No.  3  a  vast  amount  of  drii't  lodged  against  the  dike,  pressing  it  back 
n  the  center,  where  we  were  driven  out  at  low  water  before  completing  it ;  for  a  time 
ibis  threatened  a  total  destruction,  but  timely  efforts  soon  strengthened  this  portion, 
uod  no  damage  was  sustained. 

Bnllerton  main  dike  and  Cross-dike  No.  1  also  showed  accumulations  of  drift,  bnt 
lO  barm  was  done. 

At  Station  No.  4,  the  only  effect  of  this  rise  was  to  show  a  noticeable  fill  behind  the 
like  of  from  5  to  10  feet,  but  the  high  water  and  floating  ice  put  a  stop  to  field  opera- 
ions  and  forced  us  into  winter  quarters. 

The  crest  of  the  rise  was  reached  at  this  point  Febniary  27,  1S84,  when  the  guage 
khowed  32.05  foot  above  low  water  of  1879. 

As  much  of  the  Gold  Dust,  Bnllerton,  aud  Plum  Point  dikes  reach  bat  to  the  height 
>f  the  15-foot  stage,  they  were,  of  course,  covered  at  the  higher  stage  of  the  river. 
>8ceoIa  Nos.  1,  2,  and  3,  and  parts  of  Bullerton  No.  1  and  Plum  Point  dikes,  ap- 
iroached  the  high-water  level  and  held  large  amounts  of  drift.  We  closely  watched 
for  the  different  effects  that  might  be  ascribed  to  this  difference  of  height,  and  found 
;hat  the  height  of  fill  was  in  almost  direct  ratio  to  the  height  of  the  dike. 

Slack  water  prevailed  behind  the  artificial  rafts  of  drift  at  Osceola  Nos.  1  and  3  and 
n  Bnllerton  Chute,  the  latter  due  to  the  chute  being  a  low-water  chute,  where  alone 
I  heavy  current  is  iuduced  by  resistances  in  front  of  BuUtTton  Tow-head  at  low  wat'Or. 

Oar  experience  in  the  early  winter  had  warned  us  that  improvement  in  oar  standard 
>f  dikes  would  be  advisable  in  three  particulars: 

1.  That  with  deep  water  and  excessive  width  of  dike  it  would  be  advisable  to  ase 
nore  than  three  rows  of  piling,  for  where  the  distance  apart  of  the  pile  rows  was 
greater  than  25  feet  the  braces  were  greatly  weakened  by  their  own  weight. 

2.  That  the  former  fastenings  by  drift-bolts  and  wire 'were  exceedingly  uncertain, 
the  drift-bolts  splitting  the  piles,  and  the  wire  wrappings  being  oit'On  loose  and  of 
ineqaal  tension,  when  a  dike  was  subject  to  great  shaking  of  the  piles,  as  at  No.  5, 
Sold  Dust.     This  might  cause  failure  even  under  moderate  pressures. 

It  has  therefore  been  our  practice  during  the  past  season  to  use  no  drift-bolts,  and 
to  bind  every  intersection  of  dike  with  short  cables,  15  to  20  feet  long,  made  of  16 
itraadsof  No.  12  wire  or  its  equivalent.  These  are  drawn  tight  with  a  winch,  securely 
lashed,  and  renders  these  joints  by  far  the  strongest  portion  of  the  dike. 

3.  The  tipped  mattress  is  made  upon  piles  slung  within  the  dike  and  either  hung 
'rom  the  center  row  with  two  cables  running  to  top  of  front  pile  or  lashed  to  center 
►ilea,  and  with  cables  to  front  row.  This  lessens  the  danger  pf  breaking  of  the  sup- 
torta  of  mattress,  brings  the  strain  upon  the  dike  in  a  manner  deemed  most  benefici<%l, 
nd  free  motion  is  allowed  the  lower  end  to  follow  any  scour  that  may  occur.  Fig. 
,  Plate  VIII,  is  a  plan,  elevation,  and  section  of  this  dike, showing  how  the  widtm 
amber  of  rows,  and  number  of  piles  in  clusters  vary  with  varying  depths,  also  dif- 
irence  in  bracing  and  ti])ped  mattress  in  shallow  and  deep  water.  As  the  water 
dl,  trouble  was  experienced  with  the  revetment  on  Bullerton  Tow-head,  on  which 
ortiotis  would  slide  down,  carrying  brush  aud  stone  with  it.  This  was  due  mostly 
>  se<*page  from  lakes  in  the  iuterior,  the  drainage  of  which  afforded  but  partial  re- 
ef. This  action  threatens  to  be  a  very  serious  one,  and  experiments  have  been  ia 
rogress  during  the  summer,  details  of  which  may  be  found  in  Assistant  Nolty's  re- 
oTtn  with  the  object  of  draiiiiug  the  banks  Our  results,  however,  do  not  promise 
inch,  unless  the  impervious  clay  layer  existing  in  nearly  all  banks  along  which  the 
'ater  tlows,  aud  from  which  the  se«page  caving  commences,  unless  t be  layer  is  above 
>w  water,  when  drainage,  such  as  Fig.  2,  will  probably  be  effective.  When  the  layer 
I  below  low  water  two  different  methods  are  in  progress  of  trial : 

First  (Fig.  3),  a  he.tvy  mattretis  or  retainiug  wall  is  built  and  sunk  at  the  foot  of  the 
•auk  aud  beavily  loaded  with  stone. 

Second  ( Fig.  4  j,  clusters  of  piles  are  driven  5  feet  apart  along  the  bank,  which  pierce 
o  the  hard  strata  below;  inside  of  this  fascines  of  brush  and  drift  are  piled  till  the 
pace  ia  filled. 
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Botb  of  these  methods  aim  to  allow  the  water  to  paas  through,  while  the  material 
is  held  back  and  a  resistance  offered  to  the  sliding  of  the  hank* 

It  is  not  deemed  necessary'  to  prepare  the  entire  bend  in  this  manner, bnt  onWthoM 
spots  where  this  action  has  taken  place,  it  being  believed  that  there  exist  lineiof 
Hubdrainage  along  which  the  bank  waters  will  always  flow,  and  hence  that  tiie 
points  of  attack  are  local  and  determined  by  pockets,  previons  actions  and  dipping  of 
the  strata. 

Upon  tlie  subsidence  of  the  high  water  it  was  seen  that  our  work  had  not  onlj 
sntfered  very  little,  but  that  heavy  fills  were  formed  behind  all  our  dikes,  ii 
Gold  Dust,  behind  the  higher  portioiis  of  the  main  dike,  the  fill,  Tarying  ftom  12  to  15 
feet,  reached  the  top  of  t be  piling,  and  parts  of  the  cross-dikes  were  buried  Ou  the 
lower  portion  nearer  the  chute  channel  the  dike  was  clogged  with  drift,  and  the  fill, 
though  continuous,  was  not  so  high.  Recent  surveys  show  that  the  conresof  low 
water  this  year  have  drawn  together,  giving  a  total  fall  in  this  ohate  of  3,000,000 
cubic  yards. 

Tbe  action  of  the  tipped  mattress  showed  very  markedly  that  their  lower  edio 
foUows  quickly  any  scour  at  that  ])oint,  while  the  eddying  behind  is  much  redaee£ 

During  high  water  there  was  one  break  of  about  400  feet  in  the  main  dike,  Ginied 
by  a  local  obstruction  which  destroyed  some  of  the  fill  in  the  higher  part  of  the  bar, 
and  many  piles  along  the  front  row  of  the  main  dike  had  been  broken  by  drift-,  whidi 
had  here  done  considerable  damage. 

At  Station  No.  3  the  fill  behind  Osceola  No.  1  reaches  to  the  top  of  the  dike,  and 
leaves  but  a  small  chute  next  to  the  Arkansas  shore,  which  is  closed  at  about  the  IS- 
foot  stage. 

All  except  this  little  chute  is  now  covered  with  a  thick  growth  of  small  willowi, 
and  the  chut«  may  be  considered  permanently  closed. 

At  Osceola  No.  3  a  vast  accumulation  of  drifc  lies  before  the  dike,  and  fills,  Tarying 
from  10  to  25  feet,  have  taken  place  behind  it,  and  a  general  fill  of  6  to  8  feet  iu  froD^ 
t  be  mattress  on  the  inside  of  the  bar  being  buried  and  the  upper  bar  tailed  down  to 
the  dike.    This  chute  is  now  dry  at  about  the  12-foot  stage  of  the  river. 

The  mattress  on  the  front  of  Osceola  Bar,  though  without  shore  protection,  stood 
well,  but  a  small  portion  of  the  beiul  of  the  island  having  caved  away,  makes  aaah- 
mattress  necessary  before  the  revetment  can  be  finished. 

Bullertou  niaiu'and  cross-dikes  No.  1  had  large  fills  back  of  them,  that  behind  th6 
latter  now  bearing  a  crop  of  low  willow.    Thus  the  former  channel  of  the  river wottlA 
have  been  closed  at  low  water  bad  not  the  current  later  in  the  season  broken  thronff» 
just  at  the  foot  of  Osceola  Bar,  rendering  the  construction  of  Osceola  Croos-dike  H^* 
4  necessary. 

This  will,  however,  be  mentioned  later  on.  The  fill  behind  the  Plum  Point  Byst0^ 
of  dikes,  as  fur  as  constructed,  was  as  high  as  25  feet,  except  at  the  opening  in  ^^^ 
main  dike,  where  it  was  only  small.  The  height  of  the  deposit  was  almost  in  dif<»^ 
ratio  to  the  height  of  tbe  dike,  while  the  tipped  mattress  at  low  water  lay  on  the  ' 
of  the  dei)osit  as  a  revetment,  and  is  growing  in  many  places.  When  the  waterji 
fallen  suihcicntly  work  was  commenced  on  the  repairs  and  to  finish  the  Gold 
system  of  dikes  (Station  1). 

This  consisted  in  diiving  a  new  dike  in  the  400-foot  break  in  the  main  dike,  and 
running  another  row  of  piling  on  the  face  of  the  dike  for  4.475  feet,  where  it  had^ 
iujiired  by  drift,  and  in  weighting  with  stone  ]>ortions  of  old  tipped  mattress 
sunk  witb  s.ind-bags,  which  had  proven  most  inefficient. 

When  att(>nipts  were. made  to  close  the  openings  in  the  main  and  cross  dik< 
was  evident  that  in  tbe  lower  dikes  the  depth  had  so  increased  during  the  wii 
(bat  work  was  nigb  impossible,  and  our  efforts  had  been  confined  to  the  closing 
niattressing  of  Cross-dikes  Nos.  2,  1  B,  1  A,  1,  and  the  main  dike. 

Tbe  current  was  vitv  severe  at  this  point,  and  at  your  suggestion  niattressing 
ce<le<l  tbe  pile  work.     This  was  accomplished  by  driving  clusters,  from  15  to  iS 
apart,  some  distance  above  tbe  dike  from  which  the  mattress  is  built,  either  conti 
ously  or  in  sections  of  100  feet  or  more  down-stream,  with  cables  muning  to  the 
of  the  clusters  (Fig.  5).    Thin  method  has  proved  very  successful,  and  has  been 
on  most  of  our  channel  dikes  this  scjisou. 

At  this  date  all  main  and  cross  dikes,  Nos.  1  and  la  openings,  are  closed,  and 
work  will  undoubtedly  be  iinisbed  by  the  end  of  the  season.    At  Station  2,Fletch^^ 
Hend  bad  caved  badly  during  the  winter,  and  tbe  fallingtreeshad  left  amass  of  i 
in  some  ]>laces  KK)  feet  wide,  and  matted  into  a  jagged  mass  that,  until  removed, 
der<*d  mattress  work  imposMble.     Tbe  snng-boat  John  K.  Meigs  was  borrowed 
tbe  Memphis  Keacli,  and  from  tbe  VMh  of  May  to  17th  of  July  she  did  good  work, 
was  linally  obliged  to  abandon  quite  a  stretch  of  bank,  not  being  powerful  enougl 
handle  tbi'  snags  encountered.     We  have  tberefore  left  this  portion,  but  have 
structed  above  it  3,181  feet  of  mattress  175  feet  wide,  requiring  .59  cords  of  brush 
.56  cubic  yards  of  stone  to  the  100  square  feet,  and  below  1,750  feet  with  banks  i 
We  trust  to  have  all  finished  before  high  water. 
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At  Station  No.  2  no  work  was  necessary  on  Osceola  Dikes  Noa  1,  2,  and  3,  and  late 
D  the  section  1,337  feet  of  mattress  was  constructed  on  Lower  Osceola  Bar  to  connect 
be  old  mattress  thoroughly  with  the  banks  graded ;  all  this  will  be  brushed  and 
oaded  this  season.  At  the  foot  of  this  IBar  it  lias  been  mentioned  that  after  the  first 
JEdl  in  the  river  the  water  broke  through  the  upper  portion  of  the  old  main  dike,  and 
vas  catting  a  channel  through  the  deposit  at  the  foot  of  the  bar.  To  counteract  this 
endency  Osceola  Dike  No.  4  was  commenced  May  12,  1884,  and  runs  from  the  main 
like  to  the  Arkansas  shore  just  above  range  48^.  Except  near  the  Arkansas  shore 
aoet  of  this  dike  is  driven  on  the  bar  and  has  been  matressed.  From  a  portion  of  it 
re  were  driven  out  by  a  falling  river,  and  must  wait  for  the  fall  rise  to  finish  it.  In 
he  channel  near  the  Arkansas  shore  the  water  was  rapid  and  deep,  50  feet  in  one 
»lace,  and  this  portion  of  the  dike  was  driven  under  considerable  disadvantage  with 
ive  rows  of  piling;  since  then  it  has  collected  a  large  amount  of  drift.  The  current 
las  materially  slackened,  and  a  deposit  of  from  15  to  20  feet  has  been  found  during 
ow  water.  In  Bullerton  Chute  the  completion  of  Cross-dike  No.  1  and  the  construe- 
Ion  of  No.  2  will  be  finished  before  the  close  of  the  season.  With  both  these  dikes 
nattressing  preceded  the  pile  work,  which  varies  from  3  to  4  rows,  according  to  the 
lepth.    No.  2  will  be  tipped-mattressed  its  entire  length. 

At  Station  No.  4,  Plum  Point  system  of  dikes,  work  was  started  early  in  the  spring 
>efore  the  water  had  fallen,  and  has  been  in  progress  throughout  the  season. 

Cross-dikessNos.  2. 3, 4, 5,  and  6,  and  part  of  the  main  dike,haYe  been  finished,  all  of 
rbich,  except  No.  6,  will  be  tipped-mattressed,  and  are  of  the  strongest  dimensions. 
Their  effect  has  already  been  beneficial,  turning  the  water  out  of  the  Yankee  Bar 
^hnte.  They  have  undoubtedly  contributed  materially  to  the  maintenance  of  a  steam- 
>oat  channel  during  the  low- water  season. 

The  work  done  at  this  point  has  amounted  to  12,057  feet  of  pile  dike,  470,42S  square 
Teet  of  foot  mattress  (grillage),  and  255,730  square  feet  of  tipped  mattress.  The  con- 
iitionsfor  maintaining  good  steamboat  water  at  Bullerton  this  season  have  been  most 
unfavorable,  the  water  being  divided  between  a  channel  around  Osceola  Bar  and 
.hrongh  Osceola  Cross-dike  No.  4,  one  through  Bullerton  main  dike  and  chute,  one 
sroesiug  to  the  head  of  Bullerton  and  along  the  outside  shore,  one  by  a  channel  throngh 
in  extension  of  Yankee  Bar,  and  by  another  channel  along  the  face  of  Yankee  Bar. 
The  first  and  last  of  these  were  obstructed  by  Osceola  No.  4  and  Plum  Point  dikes, 
irbile  the  steamboat  water  changed  from  crossing  over  to  head  of  Bullerton  to  the 
Fonrtii  or  bar  channel,  and  then  back  again,  giving  at  present  plenty  of  water  and  a 
itraight  passage.  Station  No.  5,  or  the  protection  of  Craighead  Point,  was  not  com- 
nenced  nntil  somewhat  late,  when  the  cutting  away  through  the  bar  in  front  of  Yan- 
cee  Bar  impinged  the  current  directly  against  the  bank. 

One  section  of  mattress  150  feet  wide  has  been  placed  at  this  point,  but  a  second 
leetion,  though  built  extra  strong,  broke  14  lines — 1^  and  2  inches  diameter — and  tore 
taelf  loose.  The  current  at  this  point  being  very  swift,  another  section  of  mattress, 
with,  grading  and  protection  of  bank,  yet  remains  to  be  built.  I  may  add  that  the 
mpply  of  piles  and  brush,  though  not  always  in  quantities  as  large  as  might  have  been 
lesired,  has  been  much  better  than  in  years  previous,  and  the  establishment  of  the 
rock  depot  at  Gold  Dust  has  been  of  very  material  aid. 

The  working  plant  in  nse  consisted  of  37  pile-drivers,  15  quarter-boats,  10  mattress- 
boats,  2  graders,  2  derrick-ljoats,  and  53  barges. 

Details  of  the  operations  at  different  stations  will  be  found  in  the  reports  of  the  sev- 
eral assistants,  to  whose  energy  and  devotion  to  their  work  most  of  our  success  is 
ine. 

Respectfully  submitted  by 

Arthur  J.  Frith, 
United  States  Assistant  Engineer. 

Capt.  John  G.  D.  Knight, 

Carps  of  Engineers,  U,8,A. 


F2. 

report  of  GEORGE  W.   GEUDER,  ASSISTANT  ENGINEER,  UPON  OPERATIONS  OF  GOLD 

DUST,  TENNESSEE. 

Gold  Dust,  Tenx.,  October  1,  1884. 

8iR:  I  have  the  honor  to  siibmit  the  following  report  on  tbo  progress  of  the  work 
At  Gold  Dust  from  NovemlHT  1,  18h:},  to  October  1,  Ir'HJ  ( Apixiidix  F  3  and  Plate  IX) : 
A  hibtory  of  this  work  to  November  1,  188/5,  was  given  iu  niy  last  report. 
Its  location  is  Hhown  upon  accompanying  sketch  (Plate  IX).     Work  at  this  lo<;ality 
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vas  in  progre88  coiitiDuonsly  fn»in  November  1,  1883,  uotil  the  Keason  was  closed  by 
the  bii;h  sta^e  of  tbe  livt'i  ;  rcHunieil  June  17,  an<l  coiiliniU'd  to  the  time  of  ihiH  writ- 
ing. It  iH  tbongbt  tbut  the  Gold  DiiHt  riikes  will  be  completed  before  the  coming 
high  water  can  int«Tlere  with  oouHtrnetion. 

Advantnge  whh  taken  of  th<^  low  water  (»f  18H3,  and  the  pile  work  of  the  main  dike 
pnwhed  vigorously,  eoniph'tiug  the  dike,  with  the  exception  of  an  o])eDing  of  3U0  feet 
in  length,  which  had  to  he  lett  tot-nahle  the  boatH  to  reach  the  parties  at  work  on  the 
lower  cross  <like.*,  before  November  1,  iJ^b^. 

The  foot-nuit  party,  with  the  available  plant,  was  nnable  to  keep  «p  to  the  pile 
work,  and  the  high  water  arrived  before  the  loot-mat  in  front  of  the  dike  could  be 
completed. 

The  grillage  mat  between  the  piling  was  placed  for  the  entire  length  of  the  dike. 
The  io'Towi ug  matH  wen^  constructcil  lM>fore  operationn  had  to  be  suspended  on  account 
of  high  water.  'J  he  lOU- foot  tipped  foot-nuit  was  continued  for  305  linear  feet.  It 
Was  lound  by  iuspfciion  after  the  high  water  went  down  that  the  pivssure  was  too 
greatfor  iheKU])port.sof  this  uuit,  and  eiiherbn)ke  the  riders  of  the  dike  or  the  piles  by 
which  the  downst  ream  ciigeof  the  mat  was  held  at.  the  level  of  the  riders  of  the  dike. 
The  tipprd  grillage  of  which  l,.'^t'4.1  H<iuare8  were  couHtrncted,  had  the  same  weak ness. 
Whi  re  lipped  grillage  or  foot-nuit  rcuuiinod  in  their  original  position,  they  were  a  de- 
cided succ<'S8,  causing  large  deposits  to  f«»rm  inmiediately  uudt-r  them. 

Wattling  ])reviouslycomu«enced  was  completed  to  top  of  ))ileH  for  700  linear  feet  =  82.7 
squares.  It  was  deemed  advisable  to  i)lace  a  foot-mat,  50  feet  wide,  din^ctly  in  front 
of  the  main  dike,  between  Cross-dikes  No.s.  3and  4,  to  prevent  any  parallel  sconr,  and 
775  linear  feet,  equal  to  3^7.5  scpnires,  were  placed,  when  high  water  prevented  further 
operations.  A  poriiou  of  this  mat  was  constructed  on  the  dry  bar,  and  where  it  was 
possible  the  nuit  was  wired  to  the  tip]>ed  grillage.  Later  events  proved  the  wi.<^dom 
of  this  step  ;  for  during  the  high  water  a  scour  parallel  to  the  dike  took  place  deep 
enough  to  wash  out  souie  of  the  piles  at  the  lower  end  of  the  dike,  where  the  foot  mat 
could  not  be  completed.  At  the  Tennessee  end  of  the  main  dike  (i^.H  squares  of  bank 
protection  were  constructed  and  loaded  with  rock.  During  the  high  stage  of  the  river 
piles  were  driven  through  the  bank  protect lou  and  the  main  dike  extended  toward 
the  Tenui  ssee  shtne  for  100  feet. 

This  iK)rtion  of  the  dike  running  upon  high  ground  it  was  deemed  sufficient  to 
build  it  of  a  single  line  of  piles. 

The  dike  has  had  the  desired  effect  of  cnnsing  heavy  de]K>sits  immediately  in  tbe 
rear  of  it,  and  but  liitle  damage  was  done  to  it  by  the  j)rotracted  high  water. 

After  the  high  water  went  down,  one  breach  of  400  feet  was  discovered  Just  below 
Cross-dike  No.  3.  The  danuige  by  this  portion  giving  way  was  entirely  local.  Tbe 
current  after  passing  through  the  opening  soon  lost  its  force,  and  beyond  Bcouriug 
out  a  deep  h-  le  imniediat^'ly  behind  the  dike,  did  no  harm. 

At  thisga])  the  ditlcronce  of  slope  on  the  chute  siile,  and  tbe  main  river  was  so 
great,  caused  by  Cross-dike  No.  3  just  above  it,  Hud  obstructions  in  front  of  tbe  main 
dike  just  below  the  gap,  as  to  render  the  current  extremely  rapid  through  tliis  por- 
tion of  tbe  main  dike,  resulting  in  scouring  under  the  mat  deep  enough  to  wash  out 
the  piles.  A  similar  scour  has  takeu  place  below  Cros<«-diko  No.  4 ;  and  to  guard 
against  like  injury,  the  protecting  mat  of  the  main  dike  will  have  to  be  bnilt  es- 
pecially thick  an<l  wide,  ai.d  well  loaded  with  rock  for  some  distance  below  eaob. 
cross-dike.  The  pile  work  of  the  main  dike  should  be  strongest  at  a  cross-dike,  and 
decrease  in  strength  to  the  next  cross-diko  below,  \\here  the  dike  was  bigb  i^ 
was  damaged  more  or  less  by  heavy  masses  of  diift  resting  on  nders  and  braci'8,  and, 
crushing  these  by  their  weight  after  the  water  had  fallen.  That  portion  of  tbe  dik» 
driven  to  a  15-foot  stage  remained  almost  intact. 

The  bar  which  formed  immediately  behind  the  main  dike,  between  Cross-dikes Koa. 
3  and  4,  is  almost  as  high  as  the  diki^  for  the  entire  distance.  The  crest  of  tbe  bar  is 
30  feet  above  the  level  of  the  low  water  of  1^79.  From  Cross-dike  No.  3  to  tbe  open- 
ing left  for  pasr^ing  material  the  till  gradually  decreases  and  is  nothing  at  the  down- 
stream end  of  the  openi  ng.  At  the  Tennessee  end  of  the  nuiiu  dike  the  material  baa  been 
depositeil  as  high  as  the  main  shore,  and  a  level  bar  almost  as  high  as  the  dike  ex- 
tends to  the  up-stream  end  of  the  opening.  During  tbe  higher  stages  of  tbe  river  m 
till  t  ok  ))lace  below  the  o])eniug,  but  the  river  falling  below  a  15-f(K>t  stage,  almost 
all  the  water  passing  down  Elumt  chute  rushed  through  this  0]>eniug  with  great 
rapidity,  scouring  to  a  depth  ot  120 feet  belbre  it  could  be  ]»rotected  by  u  foot-mat. 

The  crest  of  the  bar  in  front  of  the  main  dike  within  the  space  allotted  to  tbooban- 
nel  was  lowered  from  10  to  1*2  fe<;t  during  high  water. 

On  June  17,  after  the  high  water  ha<l  passed,  ])ile  drivers  resumed  operations,  and 
immediately  commenced  closing  the  breach  in  the  main  dike,  below  Cross- dike  Na 
3.  They  barely  succeeiled  in  closing  the  second  and  third  rows,  when  it  becams 
necessary  to  withdraw  them  from  the  opening,  tlu^  water  shoaling  so  rapidlji 
Pile-drivers  then  commenced  re])airing  the  damaged  riders  and  braces  of  tbe  bigb 
portion  of  tbe  main  dike.    It  having  been  discovered  that  the  front  row  of  tbis  portion 
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f  the  dike,  where  it  bad  not  bieu  j»rotected  by  a  Ibot-iunt  directly  iu  front  of  it,  had 
•een  almost  waahetl  out  by  the  scour  imrallel  to  the  dike,  it  was  deemed  advisable 
o  drive  a  new  front  row  with  piles  spaced  5  feet  between  clusters,  this  spacing  being 
mployed  to  prevent,  if  possible,  the  breaking  down  of  riders  and  braces  by  the  heavy 
rift.  After  completing  4,475  linear  fret,  the  pile-drivers  were  transferred  to  the 
rossHdikes. 

Ou  August  1,  the  fot)t-niat  party  returned  to  Gold  Dust,  and  commenced  the  con- 
traction of  a  foot-mat  iu  the  opening  of  the  utain  dike  left  for  paSvsing  material, 
rbich  was  scouring  rapidly.  The  current  was  very  swift,  and  to  be  able  to  sink 
lie  mat  successfully  every  precaution  had  to  be  taken  iu  its  construction.  While 
oing  constructed  the  mat  was  held  in  place  by  wire  cables  fastened  to  clusters,  which 
'ere  driven  on  a  lii:e  about  75  feet  ahove  the  line  of  the  dike.  The  clusters  were 
riveu  20  feet  apart,  and  consisted  of  three  piles,  each  ]»iie  having  a  cable  fastened 
If  it  at  the  bottom  of  the  river.  To  prevent  the  swaying  and  working  out  of  clns- 
jra  the  piles  of  each  cluster  were  driven  some  distaace  afiart,  drawn  together  at  the 
>p,  and  iirmly  lashed  with  No.  8  wire.  The  mattress  boat  was  placed  at  right  angles 
>  the  line  of  the  clusters  and  the  cables  fastened  to  the  mat  while  it  was  being  faDri- 
ftted.  Four  men  were  able  to  fasten  these  well,  as  fast  as  the  mat  was  constructed. 
Q  the  swift  current  the  cables  leading  to  the  bottom  of  clusters  would  have  a  tend- 
Dcy  to  pull  the  mat  undtr  water  as  soon  as  it  was  launched  from  the  mattress- boat; 
y  prevent  this  wire  cables  were  fastened  to  the  top  of  clusters  and  kept  short  enough 
J  prevent  a  strain  on  the  lower  cables.  While  sinking  the  mat  the  top  cables  were 
nt  some  distance  in  advance  of  the  rock  l>nr^e.  The  mat  was  sunk  at  right  angles 
[)  the  current,  damming  up  the  least  jwssible  amount  of  water.  At  the  cross-dikes 
lats  over  COO  feet  long  have  been  sunk  with  little  difliculty.  In  the  opening  of  the 
luin  dike  4t>8.5  squares  of  foot-mat  were  placed. 

Before  the  November  rise  arrived  all  the  cross-dikes  had  been  completed  with  the 
zceptiou  of  an  opening  left  for  passing  material.  Had  the  low  water  lasted  as  long 
8  that  of  the  pr«  ceding  year  all  openings  would  have  been  closed.  The  water,  lind- 
iig  a  straight  channel  through  these  openings,  rushed  through  them  with  great  ve- 
3ctty,  and  the  heavy  masses  of  drift  striking  the  ends  of  the  dike  damaged  them  to 
nch  an  extent  that  the  new  dikes  had  to  be  driven  below  the  old  ones,  overlapping 
bese  as  far  as  it  was  deemed  necessary.  Completing  the  cross-dikes  was  very  slow 
rork.  Steamers  could  not  bring  the  material  to  bo  expended  down  Elmot  chute  on 
ccountof  snags  and  sand-bars,  and  nearly  all  the  material  had  to  be  towed  by  hand 
rom  a  distance. 

The  moving  of  barges  and  material  from  one  point  to  another  forms  a  largo  item 
D  this  work.  At  Cross-dike  No.  1  advantage  was  taken  of  the  rise,  during  the  latter 
tart  of  November,  to  connect  the  Tennessee  end  with  the  main  shore.  Ninety  feet  of 
ike  of  two  rows  were  constructed,  completing  the  dike  with  the  exception  of  an  open- 
ug  left  for  passing  material.  This  dike  was  driven  to  a  15-foot  stage,  and  during  the 
Bst  high  water  almost  all  of  it  was  completely  covered  with  sand. 

The  construction  of  the  Tennessee  end  of  Cross-dike  No.  la  was  pushed  at  the  same 
inie  Cross-dike  No.  1  was  building,  completing  125  linear  feet  of  dike  of  three  rows. 

Between  the  second  and  third  rows  190  squares  of  t  ipped  grillage  were  placed.  The 
igh  stage  of  the  river  prevented  the  construction  of  grillage  mat  between  the  first 
ud  second  rows.  During  high  water  tlie  north  end  of  this  dike  was  slightly  dam- 
ped by  drift. 

Where  the  tipped  grillage  rftnained  in  its  original  position  the  till  is  nearly  as  high 
»  ibe  dike  at  d  extends  to  Cross-dike  No.  IK  At  the  Junction  of  this  dike  with  the 
aiu  dike,  150  linear  feet  of  dike  of  two  rows  were  constructed  during  September.  A 
ot-mat  U'O  Jcet  wide  and  542  feet  long  ^ 542 squares,  has  been  sunk  across  the  entire 
leDing,  and  38.5  bipiares  of  grillage  constructed  at  the  north  end  of  the  dike.  Opera- 
»iis  were  continued  at  Cross  dike  No.  1*»,  and  before  they  had  to  be  suspended  on  ac- 
imt  of  high  water,  20(5  feet  of  dike  were  constructeil  at  the  south,  and  528  feet  at 
e  uorth  end.  A  good  fill  took  place  below  this  dike  during  high  water.  A  bar  hav- 
^  formed  between  the  uorth  end  of  this  cross-dike  and  the  main  dike,  it  was  deemed 
ipracticable  to  continue  it  northward.  A  foot-mat  100  feet  wi<le  and  635  feet  long 
GUI  sunk  across  the  opening,  and  620  feet  of  dike  of  three  rows  driven  through  it, 
tnipleting  the  pile-work  of  this  dike.  That  portion  of  the  dike  driven  before  high 
ater  has  since  been  protected  by  18H.95  squares  of  grillage. 
To  prevent  any  scour  between  the  Tennessee  shore  and  the  end  of  Cross-dikes  Nos. 

3,  and  4,  a  mattress  from  50  to  100  feet  wide  and  325  feet  long  was  sunk,  the  perpen 
iciilar  caving  bank  graded,  and  the  bank  protection  carried  to  the  top  of  the  bank. 
hese  piotectious  have  served  to  prevent  any  caving,  and  the  willows  of  the  bank 
rotection  are  growing  nicely. 

At  the  Tennessee  end  of  Cross-dike  No.  2,  2C7.5  squares  of  mattress  and  195 
qoares  of  bank  protection  were  placed.  The  bank  was  graded  for  325  linear  fcet  = 
,599  cubic  3'ards.  At  the  bar  end  of  this  dike  591  feet  of  dike  of  two  rows  and  2:J3 
eet  of  three  rows  were  completed  before  operations  had  to  be  suspended  on  account 

1 73  ENG 


2754      REPORT   OF    THE   CHIEF   OF   ENGINEER8,  U.  8.  ARMY. 

of  high  water.    A  grillage  mat  was  commeDoed  at  the  north  end  of  the  oi>ening,  but 
only  20  Kquaros  could  he  completed  1>efore  ihe  riders  of  the  dike  were  submerged. 

This  dike  bIiowh  good  results  by  the  shoaling  of  the  water  behind  it  and  the  en- 
largement of  the  har. 

During  the  month  of  August  afoot-mat  100  feetwide,  763  feet  long,  was  sunk  across 
the  opening,  and  the  old  dike  protected  by  *26d.5'2  feqnares  of  grillage.  A  dike  of  throe 
rows  (568  feet  long  has  been  driven  across  the  opening,  completing  the  dike. 

The  shore  protection  for  Cross-dike  No.  3  was  completed  to  the  top  of  the  bunk,  con- 
structing 270  squares  of  bank  protection.  On  the  bar  side  of  the  deep  channel  a 
tipped  foot-mat  was  commenced,  but  only  153  scpiares  could  be  completed  liefon*  the 
dike  was  submerged.  At  the  bar  end.r:5  squares  of  grillage  were  constructed,  com- 
pleting the  grilhige  for  this  dike,  with  the  exception  of  a  section  about  90  feet  long, 
which  could  not  be  placed  before  high  water  preventcMl  its  construction,  and  during 
the  high  water  this  portion  of  the  dike  was  scoured  out,  causing  the  only  breach. 

Drift  damaged  the  end  of  the  dike  at  the  opening  st^verely.  A  large  ttU  has  taken 
place  ahove  and  below  that  portion  of  the  dike  between  the  breach  and  the  main  dike, 
but  south  of  the  gap  hardly  any  till  can  bo  noticed.  In  the  chaiuiel  near  the  Tonnes- 
see  shore  a  deep  scour  took  ]:lai'e,  which  made  tlie  closing  of  openings  in  Cruss-dikcs 
Nos. :{,  4,  and  5  impracticable.  During  the  month  of  August  170  squares  of  foot-nial: 
were  constructed  below  Cross-dike  No.  3  before  orders  were  received  from  you  to  sus- 
pend operations,  it  being  im])OHsihle  to  obtain  piles  of  suflScient  length  and  in  suffi- 
cient quantities  to  close  the  opening.  At  Cross-dike  No.  4,  l:i5  Minan's  of  bank  pro- 
tection were  constructed,  completing  the  shore  protection ;  and  on  the  bar  side  of  the 
channel  242.5  squares  of  tipped  foot-mat.  ^ere  constructed  before  operations  hnd  to  1>e 
suspended. 

The  grillage  mat  was  completed  for  the  entire  length  of  the  dike,  conatnintrng  ^50 
sfiuares,  commencing  at  the  main  dike, 2,250  feet  =  1,012.5  squares  of  tipped  grilTage, 
were  placed  on  the  up-stream  side  of  the  dike. 

The  grillage  mats  at  Cro».s-dikes  Noh,  4  and  5  and  at  the  main  dike  Itetween  CroM- 
dikes  Nos.  3  and  4  were  constructed  on  the  dry  bar,  the  necessary'  brush  being  anp- 
plied  from  the  head  of  Elmot  Bar. 

To  save  the  transportation  of  rock  across  the  bartaii'ed  sacks  filled  with  aand  were 
substituted.  During  high  water  the  sand  was  washed  out  of  the  sacks  by  reason  of 
their  loose  texture,  allowing  the  swift  current  to  scour  under  the  mat  deep  enongh  to 
wash  out  the  ])iles.  The  tipped  grillage  in  front  of  the  north  end  of  the  dike  was  a 
decided  success,  it  having  been  completely  covered  with  sand  during  high  water. 

The  ti])ped  grillage  in  front  of  the  bar  end  of  Cross-dike  No.  5  was  continued  for 
6«i0  feet=330  squares,  and  at  the  Tennesscje  end  45  s<iuares  were  constrncted  before 
o])eratic)nH  had  to  be  suspended.  Wattling  was  placed  on  piloa  above  the  tipped 
grillage  for  00  feot,  equal  to  8.1  s<|uares.  The  cause  of  this  dike  and  Cross-dike 
No.  4  being  dnmagi'd  to  such  an  extent  is  most  likely  to  be  traced  to  weakness  in  con- 
struction, the  bar  end  of  both  dikes  having  been  driven  before  the  standard  dike  was 
introduced  ;  all  other  dikes  being  inetmiplete.  Cross-dike  No.  5  was  overstrained. 

The  water  was  dannned  to  a  height  of  from  14  tolH  inches  at  the  first  line  of  piling. 
Not  being  abb^  to  withstand  this  exr«*ssive  strain,  the  braces,  which  were  40  feet  long, 
equal  to  tho  de]>th  of  water  in  the  channel,  gave  way.  To  ])reventlike  ii^nry  Sorter 
braces  are  used,  the  necessary  width  of  dike  being  obtained  by  increasing  the  nundier 
of  rows  of  piling.  The  rocking  motion  which  was  ob.^erved  at  the  widest  jKirtions  cf 
Cross-dikes  Nos.  4  and  5  will  be  dimini.shed  by  using  sft(»rtcr  braces.  Although  Cro!is- 
dike  No.  5  was  Kev(Tely  dauuigcd  during  the  high  water,  a  large  and  high  bar  was  di*- 
posited  below  it ;  and  where  tlie  tii)ped  grillage  remained  unii^ured  the  crest  of  the  bar 
is  2.3  feet  above  low  water  of  1^71).  The  curve  of  low  water  ^presented  on  sketch  by 
dotted  lines,  from  April  survey,  closes  below  this  dike,  a  deposit  of  12  feet  having 
tjiken  place  since  October,  1863. 

Work  constructed  since  November  1,  188:),  is  represented  on  sketch  by  dotted  liaest 
Very  respectfully,  j'our  obedient  servant, 

Geo.  W.  Geudbb. 
United  Statm  A99i9Umi  SmffiMer. 

A.  J.  Fkith, 

AMisiant  Engineer. 
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REPORT    OF  WILLIAM  A.    GOULD,   ASSISTANT    KNGINEEK,    UPON    OPERATIONS    OF  THE 
MATTRESS   AND   REVETMENT  PARTY   FROM   FLETCHER'S  FIELD  TO  ELMOT  LANDING. 

Mill  Bayou,  Ark.,  October  1, 1884. 

Sir  :  In  piirsunnce  of  orders  from  you  I  bavo  the  honor  to  report  the  operations  of 
the  mattress  nud  revetment  party  iiLder  my  charge,  subsistiog  on  Q.  B.  No.  12,  since 
th«  beginning  of  this  season's  work  in  May  (Appendix  F  2  and  Plate  X.) 

The  work  has  been  confined  to  the  protection  of  the  river  bank  below  low  water 
from  caving.  The  location  of  the  works  is  on  the  Arkansas  shore,  beginning  at  a 
point  below  Mill  Bayou  called  Fletcher's  Field,  and  the  work  contemplated  extend- 
ing to  Elmot  Landing,  a  distance  of  3  miles  of  concave  bank.  Work  was  begun  on 
May  26  just  below  Elmot  Lauding:.  400  feet  above  Range  "37  A,"  by  building  and 
sinking  a  woven  willow  mat,  of  78  leet  in  width  and  800  feet  in  length,  where  the  bank 
had  been  attacked  by  underground  seepage,  and  extensive  caving  had  been  operating 
for  several  weeks  on  a  bank  some  20  feet  high.  This  caving  was  apparently  arrested 
from  extending  further  down  river  by  a  collection  of  heavy  willow  stumps,  which 
still  retain  the  top  of  the  bank.  This  mattress  was  built  on  mattress  barge  and 
launched  off  in  successive  lengths  until  804  running  tect  were  completed.  Part  of  the 
brush  was  very  old,  being  a  remnant  of  brush  on  hand  at  the  close  of  last  season's 
work ;  the  poles  were  large  and  heavy  cottouwood.  Two  wira  cables,  f  iach,  were 
used  on  the  head  and  four  in  the  body  of  the  mat,  to  retain  it  in  position  while  build- 
ing, and  about  15  per  cent,  of  them  expended  in  sinking.  One  hundred  and  twenty- 
five  and  nine-tenths  cords  of  new  brnsh,  24  cords  of  new  poles,  37  coils  of  wire,  and 
566  cubic  yards  of  stone  were  expended  in  constructing  and  sinking.  The  mat  con- 
tained 627  squares,  and  the  cost,  including  labor,  cooks,  and  waiters,  was  $389:33. 
Work  began  on  May  26,  and  completed  June  2,  beiQg  seven  days. 

On  the  11th  day  of  September  hydraulic  Grader  No.  2  began  operations  at  this  point. 
The  strata  of  the  bank  for  the  6  feet  next  above  the  water  were  composed  of  sand, 
irhich  in  many  cases,  where  the  too  of  the  slope  was  protected  by  the  upper  edge  of 
the  sunken  foot-mat,  maintained  its  position  and  retained  its  proper  slope,  while  in 
aoroe  portions  of  the  grade  large  cavities  wer^  formed,  which  will  require  dressing 
with  shovels. 

The  operations  of  the  grader  covered  a  period  of  7^  days,  all  machinery  working  in 
perfect  order.  Seven  hundred  and  fifty  feet  of  bank  was  graded  from  September  11 
to  18,  being  7^  days. 

The  working  force  consists  of  foreman,  2  engineers,  2  firemen,  7  men  at  the  discharge, 
I  linesman,  1  deck  hand,  1  cook,  1  waiter,  and  1  night-watchman ;  total,  17.  llie 
cost  of  this  grade  for  labor  was  $213.33.     The  cost  of  grading  per  yard  was  2  cents. 

The  extension  of  the  Gold  Dust  main  dike  last  season  to  protect  the  head  of  Elmot 
Tow-head,  thereby  turning  the  flow  of  the  water  from  the  Tennessee  shore,  rendered 
necessary  the  protecting  of  the  opposite  bank  of  the  river  on  the  Arkansas  ehore  by 
foot  mat  and  revetment,  <&c. 

On  the  3d  day  of  June  the  plant  render  my  charge  was  towed  up  river  to  a  point 
near  Mill  Bayou,  on  the  Arkansas  shore,  540  feet  above  Range  "31  A."  Afoot-mat 
ordere<l  to  be  constructed  175  feet  in  width.  It  was  deemed  impracticable  to  con- 
struct and  maintain  the  head  of  this  mat  at  full  width.  A  boom  90  feet  long  was  con- 
structed to  form  a  heud-piece,  and  at  each  launch  the  width  of  the  mat  was  increased, 
until  in  200  feet  the  full  width  of  the  175  feet  was  obtained,  and  afterwards  main- 
tained, 'i  his  increased  width  was  at  lirst  obtained  by  coVfering  more  '*  way  poles'*  on 
the  barge  at  each  launch,  but  this  left  square  recesses  in  the  sloping  edge  of  the  mat, 
which  were  imperfect  in  construction,  and  served  to  accumulate  and  retain  floating 
drift,  and  a  change  was  made,  makin'4  the  outer  pole  continuous  and  maintaining  the 
proper  slope,  the  widening  poles  uniting  where  their  position  was  intersected  by  the 
outer  pole. 

Some  of  the  head  cables  were  passed  under  the  boom  and  made  fast  in  the  mat  some 
40  feet  in  rear  to  prevent  the  head  of  the  mat  from  "diving"  as  any  strain  on  the 
cables  tended  to  raise  the  boom  out  of  water  by  the  cable  trying  to  maintain  a  uni- 
form degree  of  elevation.  Five  wire  cables  were  used  longitudinally,  the  outer  edge 
of  the  mat  being  sti*engthened  the  most.  This  mat  was  built  2,010  feet  long  and  175 
feet  wide=3,426  squares.  The  material  used  in  its  construction  was  1,741.41  cords  of 
bnish,  198.70  cords  of  poles,  91t  coils  of  wire,  antl  the  cost  of  building  this  2,010  feet 
was  $1,751.91. 

On  June  30,  the  water  being  58  feet  deep  on  the  outer  edge,  some  1,500  feet  of  this 
mat  was  sunk,  with  1,369^  cubic  yards  of  stone,  the  remainder  during  the  night  sunk 
by  the  force  of  the  current,  and  being  attached  to  the  mat-barge  at  the  lower  end  it 
^ore  loose  just  where  the  mab  was  ballasted  to  the  river  bottom,  and  was  lost. 

On  August  2  Grader  No.  2  began  work  at  the  head  of  t«his  mat,  and  worked  until 
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August  1(\  bciiip;  l'\  daya.  DnriDg  this  time  1,140  rnnDing  feet  of  bank  was  gradecl  and 
11,0;>()  cubic  yards  of  I'arth  were  removed,  at  a  cost  of  ai>out  2  cents  per  yanl :  1. 010 
i'ett  of  rov<^iiuont  vas  ])laced  (average  width  87  feet)  on  this  graded  slope,  and  bal- 
last od  with  Ktoue  for  the  iirst  10  feet  above  the  water;  that  is,  from  5  to  Iv  feet  on  the 
g.'i  iip\  the  reuKiiudor  being  left  for  higher  water.  The  subsequent  falling  of  the  river 
Hiiowod  that  cavities  under  the  inner  etlgo  of  the  foot-mat  were  completely  tilled  by 
the  action  of  the  grader. 

On  July  I,  while  waiting  for  stone  to  sink  Mat  No.  1,  a  second  was  begun  about  a 
mile  dowii  river,  inmiediately  below  the  large  drift  rack,  750  feet  above  range  **  :i4  A.** 
This  mat  was  of  similar  construction  to  Mat  No.  1.  It  was  started  120  feet  wide  on  the 
head  and  widened  to  175  ftet.  This  mat  was  1,750  feet  loDg,  and  contained  3,;{5H.70 
wpiares  :  was  constructed  of  1,417.75  cords  of  brush,  149^  cords  of  poles,  86^  coils  of 
wire,  and  the  labor  expense  due  to  the  mat  was  $2,043.86.  It  was  sunk  down-stream 
in  70  ieet  of  water  by  using  1,757^  yards  of  stone.  On  the  18th  of  Augiist  the  grader 
began  work  hevt^  and  removed  22jWS  yards  of  earth,  at  a  cost  of  2.3  cents  per  yard, 
leaving  a  slo])e  of  3  to  1. 

This  hank  had  been  caving  and  leaving  several  large  j[)ocketa»  which  were  iuereaaed 
in  size  by  the  grader.  In  three  of  the  pockets  three  thick  submats  were  constructed, 
covering  the  sunken  ground,  and  being  only  secured  at  their  upper  edge,  the  remain- 
ing portion  being  well  ballasted,  wa^  free  to  sink  and  follow  down  any  futnre  caving 
benealh  them,  while  the  revetment  mat  proper  was  built  continuous  above  ihenj  with- 
out con  nect  ion .  These  mats  were  about  70  feet  wide  and  about  150  feet  long ;  tbey  eon- 
taini  d  323  squares,  IH)  cords  of  brush,  63  conis  of  poles,  aud  i240  yards  of  stone.  The 
graded  s](»pc  at  this  mat  is  being  covered  with  revetment  and  will  l»e  completed  dur- 
ing the  month  of  October. 

On  tlM>  4th  of  August  Mat  No.  3  was  begun  926  feet  below  range  "  31  A,"  and  was 
started  to  overlap  KM)  feet  of  the  br(»keu  edge  of  Mat  No.  1.  A  projecting  point  of  the 
bank  rendered  the-  starting  of  n  mat  heredi'tlicult  work,  owing  to  the  Ibrceof  the  cur- 
rent. The  first  and  second  attempts  at  starting  proved  unsuccessful,  owing  to  the 
breaking  (»f  the  boom  and  the  pai-tingof  head  lines.  Some  90  feet  of  mat  was  de- 
stroyed, and  the  mat  boat  required  repairing.  Dy  mooring  an  empty  coal-shell  above 
the  head  of  the  mat,  to  check  the  force  of  the  top  current,  and  using  short  head  lines 
to  the  boom,  the  third  attempt  was  successful,  and  1,713  running  feet  of  mat  175  feet 
wide  was  completed  ;  its  further  extensi<ni  was  stopped  by  the  half  mile  of  drift  rack 
in  the  river  bed  below.  This  umt  contained  lyd&2  cords  of  brush,  210  cords  of  poles, 
111  coils  of  wire,  and  after  remaining  afloat  for  30  days  was  successfullv  sank  on 
September  2(5,  with  1,(>9()  yards  of  stone,  in  4*5  feet  of  water,  or  42  feet  below  low -water 
line.  The  channel  was  only  IHO  feet  fiom  the  shore,  leaving  the  outer  edge  of  the 
mat  3  feet  higher  than  the  center. 

A  sumnmry  of  the  work  to  October  1  will  show  4,931  running  feet  of  wide  foot-mat, 
also  riOO  feet  of  narrow  mat,  sunk  for  low- water  protection  ;  2,000  feet  of  revetment, 
])artly  loaded,  anil  a  reasonable  prospect  that  the  grader  will  x^ri;pare  2,000  feet  of 
iiank  for  revetment,  and  that  all  foot-nmt  sunk  will  have  its  corresponding  revetment 
built  and  ballasted  before  any  serious  rise  of  the  river.  An  experiment  was  tried  to 
drive  a  lint*-  of  i>iles  in  front  of  a  caving  bank,  and  by  driving  into  the  deep  clay  strata 
and  walling  on  the  shore  side  with  willow  fascines  to  check  the  chiving,  but  the  aotion 
of  the  caving  was  so  rapi<l  that  before  the  ]>iles  could  be  secui'ed  some  wore  ecoored 
out  for  lack  of  a  foot-mat,  and  the  experiment  was  ])ostpoued. 

It  has  been  dithcult  to  work  a  fall  force  at  any  time,  owing  to  the  nncertainty  of 
material  from  the  contractor,  and  the  cost  of  the  mat  has  been  largely  incre%Bed 
therein'. 

Very  respectfully,  your  obedient  servant, 

Wm.  a.  Qouxj>. 
United  SiaiM  A$BiBtant  Engin 

A.  J.  Frith, 

United  States  Assistant  Engineer, 


F4. 

KEPORT  OF  W.   L.    SEDDON',    ASSISTANT    EXGINEER,    UPON    OPERATIONS    AT 

UPPER  AND  LOWER  BARS. 

OscF.OLA  Lower  Bar,  Odober  11, 1884. 

Sir  :  I  have  the  lionor  to  submit  the  following  report  on  the  progress  and  oondition 
of  the  work  at  Osceola  I'pix'r  and  Lower  IJai-s  lor  the  period  from  November  1, 18B3| 
to  October  1,  1H<].  Durin<^  the  ])eriod  work  at  this  point  was  entirely  suspended  from 
January  4  to  June  15,  aud  from  June  '^5  to  August  14.    The  work  done  hat  omifuted 
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in  BtreofftheDiDg  Cioes-dikes  Nos.  1  and  2  with  cable  bracing,  in  repairinf^  breaks  in 
Crow^iKe  No.  3,  and  in  continuing  the  protection  of  Osceola  Lower  Bar  with  mattress 
and  revetment. 

Following  the  divisions  of  the  work  made  in  the  report  for  18^3,  I  bhall  take  each 
iinder  consideration — first,  as  to  work  done,  and  second,  as  to  condition  and  results. 
« 

OSCEOLA  UPPER  DIKE. 

No  work  has  been  done  on  this  dike,  it  having  been  abandoned  on  the  commence- 
ment of  Cross-dike  No.  1,  as  stated  in  report  for  1883. 

The  partial  destruction  of  the  dike,  which  had  taken  place  the  previous  year,  was 
nearly  completed  by  the  high  water  of  lb84,  and  there  now  reuiains  standing  only 
about  1,000  feet  near  the  Arkansas  («hore.  This  result  was  to  have  been  expi  cled  from 
the  weakness  of  the  structure,  cited  in  the  last  report;  As  far  as  <  an  be  ascertained, 
the  100-foot  mattress,  previously  placed  along  the  dike,  remains  iu  good  condition. 

In  considering  the  results  from  this  dike  some  difficulty  in  ox])eiienced,  as  a  large 

gortionof  the  fill  which  has  taken  place  along  its  former  hue  should  bo  attribute<l  to 
ross-dike  No.  1 ;  though  that  behind  the  portion  still  standing  has  undoubtedly  l>een 
increased  by  the  action  of  this  work. 

OSCEOLA  CROSS-DIKE  NO.  1. 

This  dike  was  strengthened  with  wire  cables,  in  November,  1883;  since  which  time 
no  Airther  work  has  been  done  on  it. 

The  condition  of  the  dike  is  good,  and  its  action  during  the  high  water  of  1884  \\&» 
entirely  satisfactory.  The  structure  withstood  the  strains  brought  upon  it  by  the  larftc 
accnmnlation  of  drift,  without  any  appreciable  damage.  In  frout  of  the  dike,  the 
'drift,  while  it  has  decreased  somewhat  in  area,  a  portion  of  it  being  freed  by  the  break- 
ing of  the  lower  end  of  the  upper  dike,  has  apparently  increased  in  mass.  So  nnicli  of 
this  drift  is  now  partially  imbedded  in  the  bottom,  and  the  whole  mass  is  so  ch»sely 
packed  together  as  to  form  a  raft  which  would,  I  think,  insure  the  closing  of  the 
chute,  even  if  the  dike  were  removed.  The  till  in  frout  of  the  dike  has  been  very 
marked,  and  th'e  low-water  shore-line  now  extends  beyond  the  line  of  the  upper  dike, 
aa  shown  in  the  accompanying  sketch  (Plate  XII).  Behind  ttie  dike  the  fill  has  been 
extremely  large.  At  its  lowest  point  tho  chute  here  is  dry  at  a  10-foot  stage  of  the 
river;  while  for  about  two-thirds  of  the  way  across,  the  till  lacks  only  a  few  feet  of 
being  as  high  as  the  adjacent  tow-head,  and  is  covered  with  a  thick  growth  of  young 
willows  from  2  to  4  feet  in  height. 

One  noticeable  feature  about  this  till,  is,  that  it  is  composed  almost  entirely  of  silt, 
which  shows  how  completely  the  current  has  been  checked  by  the  action  of  the  dike. 
.This  character  of  fill,  extending  as  it  does  far  down  the  chute,  and  even  beyond  Cross- 
dike  No.  2,  shows  also,  I  think,  the  area  over  which  the  intluence  of  Cross-dike  No  1 
extends,  and  should  be  attributed  to  it.  Judged  by  the  above  condition  and  results 
Osceola  Cross-dike  No.  1  may  certainly  be  considered  as  an  eminently  successful 
piece  of  work. 

OSCEOLA  CROSS-DIKE   NO.  2. 

This  dike  was  also  stren^hened  with  wire  cables  in  November,  1883;  which  has  been 
the  only  work  done  upon  it  within  the  period. 

But  little  change  has  taken  place  in  the  condition  of  the  structure  since  last  report. 
Neither  the  eastern  nor  western  sections  sustained  any  noticeable  damage  from 
the  high  water  of  1884.  The  condition  of  the  dike  is  therefore  fair,  though  the  west- 
ern section  has  begun  to  show  signs  of  weakness,  apparently  more  from  the  action  of 
time  upon  the  perishable  material  of  which  it  is  constructed,  than  from  any  other 
cause.  A  cousiderable  till  has  taken  place  behind  this  dike,  l>eside  that  mentioned  as 
properly  attributable  to  Cross-dike  No.  I ;  the  results  produced  by  this  dike  may  there- 
fore bo  considered  as  fairly  satisfactory. 

OSCEOIJl   MIDDLE  DIKE. 

No  work  has  been  done  here  during  the  period.  The  condition  of  the  dike  is  bad. 
As  in  the  case  of  the  upper  dike,  its  previous  partial  destruction  was  nearly  completed 
by  the  high  water  of  1884.  Breakage  by  drift  and  bottom  scour  have  combined  in 
profkicing  this  result.  About  600  feet  of  dike,  in  a  badly  broken  condition,  still  re- 
mains standing  near  the  foot  of  the  upper  bar.  Of  the  100-foot  mattress  sunk  aloufl: 
the  Irout  of  this  dine,  nothing  detinite  can  be  said;  but  judging  by  tho  scour  which 
has  taken  place  here  it  is  most  probable  that  at  least  a  portion  of  it  has  gone  oat. 
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OSCEOLA  CROSS-DIKE  NO.  3. 

The  work  at  f  bis  dike,  with  tho  excoptiou  of  the  addition  of  3,418  Bquare  feet  of  wat* 
tliug  and  tho  sinking  of  200  linear  feet  of  foot-mat,  previously  coubtracted,  has  oon- 
fiisted  in  the  repairs  of  breaks  which  have  t^iken  place  in  the  stmctore. 

On  the  14rh  of  November  the  *200  futJt  of  the  dike,  which  consisted  in  a  row  of  clae- 
t^rs  with  inclined  briioes,  began  to  show  signs  of  weakness,  cansed  principiUly  by 
bottom  econr.  Preparations  were  at  once  made  for  strengthening  this  portion  of  the 
dike,  bnt  before  anything  could  be  done  the  entire  line  of  clusters  gave  way,  and  at 
the  same  time  a  brc'ak  of  1^0  feet  took  place  in  the  front  line  of  the  di^o  proper. 
The  work  of  repairing  this  break  was  commenced  on  December  2.  Tho  repairs  con- 
sisted in  the  strengthening  of  that  portiim  of  the  dike  where  the  front  row  was 
broken,  with  two  rows  of  piling  driv(;n  behind  and  connected  with  braces  to  the  old 
dike,  and  in  the  driving  at  the  ga])  of  a  V-hI^^P^^^  connection  of  three-row  dike,  as 
shown  in  the  sketch.  These  re])aiis  necessitated  the  driving  of  150  of  two  and  37ri 
feet  of  three  row  dikr,  all  of  which  was  completed  by  the  15th  of  December.  As 
soon  as  ihe  driving  was  completed  the  work  of  nuiking  a  grillage  foot-mat  along  this 
newjjortion  was  commenced;  410  linear  feet,  e<jna  ling  20,705  square  feet  of  this  work, 
was  made  and  sunk  by  January  4.  On  this  date  all  further  work  had  to  be  aban- 
doned on  account  of  the  high  water,  thus  leaving  about  100  feet  of  the  dike  in  an  un- 
protected conditi(m. 

An  inspection  of  this  work  after  the  high  water  showed  that  at  the  eastern  end 
the  water  had  undermined  the  revetment,  and  that  the  bar  had  cave<l  back^some  50 
feet,  while  about.  1(X)  feet  of  the  dike  had  also  scoured  out,  making  a  total  gap  of  ISM 
feet  at  this  end.  It  was  also  found  that  the  drift  had  broken  about  100  feet  of  the 
dike  at  the  Arkansas  end.  The  repairs  of  these  two  breaks  weio  commenced  on 
June  15  and  comjdeted  by  the  25th  of  the  same  month,  150  feet  and  120  feet  of  the 
two-row  dike  being  driven  at  the  bar  and  Arkansas  ends  re8i)ectively. 

The  condition  of  this  dike  is  now  good,  and  its  action  during  the  high  water  of 
1884  was  very  satisfactory,  consideiing  the  nature  of  some  of  the  older  |K)rt ions  of  the 
structure,  for  the  only  damage  sustained  was  that  of  the  two  small  breaks  mentioned 
above,  though  the  accumulation  of  drift  in  front  of  it  was  even  larger  than  that  ut 
Cross-dike  No.  1.  This  a(;cumulation  of  drift  now  amounts  to  mofe  than  thirty 
acres,  and  is  very  closely  packed  together.  The  fill  in  front  of  tllO  dike  has  been 
large,  while  that  behind  it  has  been  very  marked.  Prom  its  action  and  results  Cross- 
dike  No.  3  may  therefore  be  also  classed  as  a  successful  dike. 

OSCEOLA  DIKES. 

Now  considering  these  dikes  together,  as  members  of  one  system,  the  object  of 
which  is  the  closure  of  Osceola  Chute,  their  action  during  tho  past  year  has  Ibeen 
very  satisfactory.  A  comparison  of  the  till  and  scour,  which  has  taken  place  through 
the  inlluence  of  these  dikes,  from  November,  lrt83,  to  June,  1884,  showed  a  very  large 
( xcesM  of  till.  Indeed,  with  the  exception  of  a  small  area  just  behind  the  middle  dike, 
there  has  been  almost  no  sc(mr,  while  the  fill  has  varied  from  one  to  twenty  feet  in 
height.  Therefore,  viewed  from  this  standpoint  and  by  these  results,  the  Osceola 
dikes  may,  as  a  whole,  be  considered  as  a  successful  piece  of  work. 

OSCEOLA  UPPER  BAR. 

No  work  has  been  done  at  this  point  during  the  period. 

The  condition  of  the  mattress  and  revetment  previously  put  in  is  only  fair.  The 
erosion  of  the  bank  at  the  lower  end  of  the  bar,  where  no  revetment  had'been  placed, 
continues,  and  the  water  is  gra<lually  undermining  the  revetted  portion  above.  As 
far  as  can  be  ascertained  tlie  shore-line  of  the  lower  half  of  tho  bar  has  moved  book 
about  100  feet  during  the  peri(Kl. 

OSCEOJ^  LOWER  BAR. 

The  work  at  this  point  from  November  1  to  December  26  was  confined  to  the  sinking 
of  the  section  of  mattress  made  prior  to  that  time.    The  long  delay  in  getting  atone 
for 
the 

strengthei 

weaving  of  wire  cables  through  and  the  wiring  of  longitudinal  poles  on  top  of  the 
mattress.  After  this  had  been  done  no  further  difficulty  was  experienced,  and  the 
section  of  2,G()3  linear  feet,  equaling  4<Ni,0(K)  sipiare  feet,  was  successfully  sunk  by  De- 
cember 26. 
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On  Ancnst  14  preparations  were  begnn  for  resnming  work  at  thia  place.  An  exam- 
ination snowed  that  the  head  of  the  bar  for  a  distance  of  about  1,000  feet  had  cut  back 
from  the  old  mattress  so  lar  as  to  necessitate  the  putting  in  of  a  new  soetion  at  this 
point.  A  150-foot  mattress  for  this  purpose  was  commenced  at  the  head  of  tbo  bar  on 
Angnst  Id,  and  was  carried  down  to  the  point  at  which  the  old -mattress  still  joined 
the  shore.  This  section,  containing  1,337  linear  feet,  equaling  i^i^2,4Hl  Bqiiare  feet, 
was  completed  and  snccessfnlly  snnK  by  Sontember  17. 

On  September  6  the  grading  of  the  bank  wt  revetment  was  commenced.  The  work 
was  done  with  shovels  at  those  points  where  the  grade  was  already  ap])roximate  and 
with  hydranlio  Grader  No.  2  where  the  bunk  was  steep.  By  October  1  tlio  grading 
was  completed  from  the  present  head  of  the  bar  to  tlu'  end  of  the  mattress  thus  far 
constmcted,  a  distance  of  3,056  feet.  Of  this  amount  1,636  linear  feet  was  graded 
with  shovels-and  1,420  linear  feet  with  hydraulic  grader.  The  minimum  slope  allowed 
lias  been  2^  to  1,  which  at  places  has  been  increased  to  3^  to  1. 

The  grading  has  been  followed  up  with  the  revetment  as  fast  as  material  could  be 
obtained  for  the  purpose,  and  by  October  1,972  linear  feet,  equaling  G1,G40  square  feet, 
has  been  made. 

The  condition  of  the  mattress  previously  put  in  at  this  point  is  good,  and  that  i)or- 
tion  of  it  snnk  during  November,  lb'83,  has  served  well  as  a  partial  protection  to  the 
bank. 

The  above  report,  together  with  a  sketch  showing  the  present  condition  of  the  work 
and  containing  a  table  with  full  dimensions  of  all  work  done  during  the  period,  is 
(Api>endix  F  and  Plate  XII)  respectfully  submitted  by — 
Your  obedient  servant, 

W.  L.  Seddon, 
Aaaiatant  Engineer, 

Mr.  A.  J.  Ruth, 

United  States  AaHstant  Engineer  in  charge. 


Work  done  from  November  1, 1883,  to  October  1, 1884. 


BLfaid  of  work. 


Linear  feet.  Square  feet. 


Remarks. 


Bike,  3 rows... 
Dike,  3 rows... 

Foot-mat 

Foot-mat,  sank. 

WAttling 

MattreM 

liattreos,  simk 
fioretmoot*  •  •  •• 
Bank  graded... 


430  I ;  Kopairs  of  Cross-dike  No.  1. 


315 
419 
619 


1,337 

4,000 

972 

3,056 


20, 705 

33, 305 

3,418 

222, 481 

629, 081 

61,640 


Do. 

Do. 
200  feet  made  previously. 
CroHS-d.  No.  3. 
Osceola  lower  bar. 
2,663  feet  mode  previoasly. 
Osceola  lower  bar. 

Do. 


F6. 

RKPORT  OF  JAMES  M.  RILEY,  SUPERINTENDENT,  UPON  OPERATIONS  AT  OSCEOLA  CROSS- 
DIKE  NO.  4. 


Gold  Dust,  Tenn.,  October  1,  1884. 

8iR :  I  have  the  honor  to  present  the  following  report  (Appendix  F  5  and  Plate  XI), 
which  concerns  the  building  of  Osceola  Cross-dike  No.  4,  constructed  during  the  term 
for  which  this  report  is  made,  November  1,  18^3,  to  October  1,  1884. 

Work  was  begun  May  12, 1884,  and  forces  witbdi*a\vn  August  5.  Without,  how- 
ever, completing  the  design,  400  feet  of  second  row  and  600  feet  third  rouuiin  to  be 
added  to  the  first  row.  This  can  be  done  at  25- foot  stage.  Falling  river  did  not 
allow  the  finishing  of  this  portion,  which  is  on  the  crest  of  the  bar  and  niidwa}*  of 
the  line  of  dike.  It  may  be  as  well  to  say  the  absence  of  these  rows  can  in  no  way 
affect  the  integrity  of  the  structure.  They  can  b  •  thrown  across  so  rapidly  when  the 
river  rises  as  to  caase  no  apprehension  from  not  being  in  ])lace. 

The  line  of  this  cross-dike  for  the  most  X)art  is  parallel  to,  and  100  feet  above,  Eauge 
4S^;  its  length,  2,450  feet,  inclosed  at  either  extremity  by  Osceola- Hnllert on  main 
dike  and  the  Arkansas  shore. 

The  objeet  in  placing  this  dike  where  located  was  the  closure  of  Osceola  Chute,  and 
in  this  to  deflect  the  body  of  water  entering  between  the  upper  end  of  Osceola-Bul- 
Jerton  mmn  dike  and  the  foot  of  Osceola  Bar,  along  the  outside  of  the  main  dike. 
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This  result  tvob  to  ho  expectcfl  from  tlie  aotion  of  other  cross-dikes,  bnilt  to  attain 
siinilnr  results  under  nlnuist  identical  eonditions.  Osceola  CroRs  dikes  Nob.  1  ADd  3 
will  occur  to  yon  as  fair  exafuples. 

It  was  d<'enie<l  necejisary  to  conduct  the  work  with  the  utniOHt  celerity.  Instnie- 
tions  wore  to  this  etVect.  It  was  well  known  that  the  slope  of  the  river  toward  the 
Arkansas  shore,  alonjj:  this  ]>ortir)n  of  the  reach,  inereaMMl  mpidly,  with  deorensing 
stapfes  of  the  river. 

The  bar  lo  he  pioteeted  from  erosion  extended  w«  sterly  from  the  main  dike,  three- 
fourths  of  the  lenjuth  of  the  dike  to  he  hnilt.  Its  heijjht  varied  from  0  to 20  fe<»t  almve 
low  water  of  l~79.  'J'ho  material  was  tine  »;and,  left  by  the  hiph  water  jnst  passin);. 
This  would  be  easily  swept  away  if  not.  protected,  giving  the  river  full  sway,  in  nu 
old  channel,  and  so  on  down  throuj^h  Ihillerton  Chute.  What  wiK  be  referreil  to  as 
channel,  from  the  bar  inward  to  Arkansas  shore,  will  be  contra  to  what  is  termed  bar. 
Aheady  this  channel  had  a  width  of  (UiO  and  depth  of  :?0  fett,  4  lect  below  low  water 
of  187ii;  ganpe  rea<linjx,  May  l*i,  2l»  feet.  The  current  was  developing.  The  wafer 
impinging::  on  the  Arkansas  sbore,  at  an  angh*  of  4r»o,  caused  the  bank  to  cut  rapidly 
from  raiij;*^  4^^^  to  range  41). 

Soundings  revealed  scours  in  excels  of  the  fall  in  the  rivei,  and  continued;  the 
gauge  marked  13  ft'et  on  June  the  <>th.     About  this  time  the  10-foot  curve  connected 
through  the  chute.     From  June  <)  to  *2()  a  rise  of  4.50  feet  was  noted.    Then  an  almost 
steady  fall  until  the  end  of  .Inly  of  (J  feet,  and,  with  the  exception  of  a  few  oscillations, 
coiH  inued  until  latter  part  of  September,  when  the  gauge  was  3.ir»  feet,  the  lowest reail- 
ing.      Instructions  were  received  May  10  from  you  to  <'oustruct  what  is  known  as  the 
standard  dike,  to  be  bniltto  high-water  mark.    This  was  done  in  all  essential  features. 
At  times  when  exigencies  arose  the  type  would  be  depaited  f mm,  and  at  your  in- 
stance changes  would   be  made  looking  to  the  further  strengthening  of  the  dike, 
]>rincii)ally  by  the  use  of  more  timber  and  wire  cables.     The  mattrcHs  work  did  not 
follow  so  closely  the  nu  tluxl  ]>rop(rsed,  in  that  Hat  grillage  was  substituted  for  tijiped         J 
grillage,  no  piles  being  nst  d.     What  has  been  termed  swinging  nnittresws  were  din-cte*!        J 
to  be  sunk  jireviousto  dri\  lug  the  dike  across  t lie  cbunucl.     The  dike  as  built  is  as  fob       — 
lows:  Across  the  bar  from  the  main  <like  \,i'i)0  feet,  except  part  mentioncHl  as  ineom-      — 
plete,  consists  of  three  rows,  plactd  'JO  U'v\  apart,  of  single  piles,  b(^nts  spaced  1'2  feet.      « 
For  the  remainder,  ^^l^l  feet,  the  number  of  rows  increased  with  the  depth  of  water.        ^ 
the  maximum  being  six  rows,  l(iO  fi-t't  width  of  dike  in  50  feet  of  water. 

Nothing  arbitrary  can  be  said  as  to  the  number  of  piles  used  in  clusters  of  the  dif-    — " 
ferent  rows;  but  say  from  two  to  six  piles,  without  reference  as  to  the  line  occupied.     — 
About  200  feet  from  the  Arkans:is  shore  thi>  line  of  the  dike  was  advanced  100  feet,  so  ^r~ 
that  the  rear  lin<\joins  the  front  line  and  connects  at  an  angle  with  the  line  as  ongi*  ■ 

nally,  .V  0  feet  distant,  near  the  bar. 

Hefore  the  dike  was  drivtMi  eight  swinging  mattn'sses  were  sunk  acntssthe  channel. 
These  weie  held  in  p(»sition  by  mooring  clusters  while  being  placed  on  the  Imttom. 
These  mattresses  were  of  varying  size,  110  by  'M)  feet  to  110  by  85  feet,  overlapping  h'W 
feet.     The  down-stn'ani  side,  when  in  i>ositit)n,  was  just   below  the  front  line  of  the 
dike,  so  that  the  grilbige  matt  less  afterward  sunk  rested  on  top. 

(iriilage  ujaitressts  extend  the  length  of  the  dike,  heavily  loaded  witfi  rock  Th^ 
width  changi's— least,  .^>0  fcot ;  greatest,  I*ir>  feet.  An  examination  of  this  cross-dike 
was  made  a  few  days  ago  at  your  retjuest,  yon  accompanying  the  i>arty  in  the  sound- 
ing skill' 

It  was  found  the  ilriff  extende<l  almost  to  the  foot  of  Os«reola  Bar.  The  dike  showed 
no  signs  of  weakening.  Soundings  in  between  the  rows  of  the  dike,  across  the  chan- 
nel, show  a  till  in  some  ]>laees  of  over  '20  feet ;  in  no  jdare  less  than  5  feet.  Behind 
the  dike.  lOO  fetrt,  the  till  was  shown  to  be.  15  feet.  No  scour  or  tendency  conld  Ihj 
discovered.  Tlics*'  eomiwirisons  are  made  between  the  greatest  depths  found  iu  July, 
and  represent  (he action  id' the  dike  during  two  nutnths.  During  inspecti«Mi  (he  max- 
imum depth  fonn<l  was  31  feet,  *2{H)  iV'ct  out  from  the  Arkansas  shore.  This  plucednring 
<'o?istrnef  ion  proved  more  troublesome  than  any  other,  registering  then  50  feet. 

Keducing  sonndin;;s.  the  till  at  this  point  is  about  (>  fvot.  Below  the  dike  100  feet, 
in  Julv  lA  f«M't,  in  Sepicnibi'r  17  feet,  woro  the  greatest  depths,  indicating  a  Kl!  of  l.i 
feet. 

Before  liiially  submitting  my  report  some  details  as  to  construction  will  he  f^iven. 
The  tirst  triiil  of  suin^iiiig  mattresses  was  had  at  this  dike.  Whib;  exi»erieuce  hns 
since  shown  the  full  bcnetit  of  the  scheme  was  n(»t  derivtd,  their  absence  wonld  have 
been  severely  tell.  Had  it  Ixm'u  feasibU>  to  hnw.  built  them  of  such  a  width  that  all 
the  rowsof  tlu'dikeeould  havi*  bt*en  driven  through,  the  ]Mirfeetion  of  the  idea,  greater 
security,  wonld  h;ive  been  Inul  in  closing    he  opening. 

The  nu'thod  jnlo])tid  to  jilaee  the  sills  was  to  drive  cbi-ters,  *Ho  8  idles,  10(^  feet 
above  the  dike  :  spaces  iM-tween  clusters  varying  from  15  t(»  75  feet ;  numl>er  of  piles 
in  clusters  wnd  nuMilur  of  feet  s]»a(ii)g  increased  with  the  depth  of  water  and  velocity 
of  current,  eras  niidehannel  was  a])proached. 

The  llow  of  the  current  being  from  1)  to  10  miles  per  hour,  e.ntimntfMl,  and  depth  of 
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rater  38'feet,  witl^  drift  in  large  quantities  entering  above,  mnst  acconnt  for  peculiar 
isposition  of  clusters.  Trial  was  made  to  drive  these  at  uniform  distances,  so  that 
hey  not  only  would  he  useful  iu  niauipulatiug  the  mattress  boats  and  pile-drivers, 
►at  serve  as  a  drift-row.  The  change  to  wider  spaces  was  bocauso  as  a  temporary  drift- 
ow  they  were  too  great  a  success,  hoidiug  the  mass  a  day  or  so,  then  ^riving  way, 
Btting  the  collected  wrack-heap  down  in  body  u])ou  the  works  below. 

To  Bold  the  pile-driver  iu  place,  a  2-inch  (diameter)  lino  was  run  from  a  clump  of 
»ile8  on  the  inside  of  the  foot  of  Osceola  Bar,  distant  about  1,800  feet.  With  the  aid 
f  bow  anchor  on  one  side  and  lines  to  the  Arkansas  shore,  the  driver  was  held  reason- 
,bly  ateady.  Easily  movable  ballast  was  provi«led  in  shape  of  coils  of  wire.  Some 
lasters  were  redriven  eight  times.  Two  100-feet  mattress  boats  were  provided.  It 
ras  thought  by  using  both  at  the  same  time,  end  to  end,  a  mattress  over  200  feet  long 
oold  be  made,  thus  gaining  time. 

The  plan  followed  was  to  construct  a  launch  on  the  boats  while  at  shore,  in  readi- 
less  to  be  moved  to  the  line,  which  was  always  done  in  the  morning.  After  getting 
Dto  position  behind  the  clusters,  ways  pointing  up-streau),  cables,  which  had  been 
'asteuedto  the  piles  when  driven,  whose  one  end  was  attached  firmly  to  the  pile  near 
he  bottom  of  the  river,  the  other  spiked  to  the  top  of  the  i)ile,  were  taken  otf  and 
kaaeed  through  the  mattress.  When  all  was  secure  a  luuuch  made,  and  as  mauy  more 
»  poesible  during  the  day.  In  no  case  was  it  thought  best  to  leave  a  mattress  adoat 
lariDs  the  night,  nor  was  it  done.  In  every  instance  the  sections  were  sunk  the 
tame  uay  that  they  were  made.  Mattress  boat  taken  to  the  bank,  out  of  the  way 
►f  the  drift,  sinking  commenced  on  the  lower  inside  corner,  a  partially  loaded 
large  of  stone  placed  over  this  comer.  Enough  stone  was  thrown  on  the  mattress 
;o  allow  the  barge  to  float  over  it.  By  repassing  all  was  loaded  evenly.  Marline  at- 
ached  to  difi'erent  parts  of  the  mattress  determined  its  pcbitiou  at  any  time.  The 
mdeavor  was  to  force  the  mattress  to  remain  horizontal  in  going  down,  to  present  no 
'olds  until  near  the  bottom,  then  suddenly  smk  it  to  its  place.  This  plan  worked 
^ell.  But  one  section  swerved  from  its  position,  and  this  one  because  the  outer  clus- 
»r  of  piles  pulled  out,  but  being  nearly  down  was  quickly  sunk  withontloss,  the  re- 
naining  cluster  hohling  one-half  of  it  without  breaking  the  mattress.  In  driving 
)ile8  pile-driver  No,  14,  36  feet  leads,  frequently  handled  piles  over  b'O  ieet  long.  She 
>eing  of  lighter  draught  than  those  with  40  feet  leads,  was  always  placed  in  swiftest 
^ater.  The  penetration  of  piles  was  never  less  than  20  feel  in  the  channel  portion 
f  the  dike;  were  driven  without  being  Khari>ened. 

The  mattress  party  followed  the  drivers  closely,  sometimes  making  grillage  mat- 
pees  by  hanging  to  second  row  while  rear  rows  were  being  driven,  then  connecting 
arongh  or  sinking  at  once  if  needed,  afterward  lapping  through  with  another  mat- 
ress. 

The  losses  met  with  were  all  on  accountof  the  lodgment  of  drift  and  rafts  upon  uufin- 
ihed  work.  What  would  equal  400  feet  of  3-row  dike  was  carried  away  during  con- 
tructiou  ;  also  a  section  of  foot  mattres  225  by  110  feet.  This  is  about  the  total  of 
liahapA,  but  occurring  at  different  times  set  the  work  back  greatly. 

Delays  were  frequent,  from  unavoidable  causes. 

Respectfully  submitted. 

James  M.  Riley, 
United  /States  Sitperintendent 

A.  J.  Frith, 

United  States  Assistant  Engineer. 


F  6. 

lEPORT  OP  AUG.  J.  NOLTY,  SUPERINTENDENT,  UPON  OPERATIONS  AT  BULLERTON  TOW- 
HEAD  AND  08CE0LA-BULLERT0N   CHUTE. 

Sir  :  I  have  the  honor  to  herewith  submit  my  report  of  operations  at  Bnllerton  Tow- 
lead  and  in  Osceola-Bullerton  Chute  for  the  period  included  between  November  1, 
883,  and  September  30,  1884. 

On  November  1,  1883,  there  remained  to  be  constructed  at  Bnllerton  Tow-head  500 
eet  of  foot  mattress,  2,700  feet  of  bank  revetment,  600  feet  of  bank  to  be  graded,  and 
i  large  amonnt  of  bunk  revetment  to  be  loaded  with  stone. 

The  amonnt  of  foot  mattress  to  be  made  had  to  be  augmented  by  700  linear  feet  gf 
iO  feet  wide,  as  the  river  had  risen  so  ninclithiit  i>roper  connection  between  low-water 
Dank  protection  already  sunk,  and  hiixh-water  bank  protection  yet  to  be  constructed 
Jould  not  be  made.  Hence,  this  narrow  mattress,  which  should  be  really  considered 
IS  so  much  bank  revetment,  was  constructed  and  sank  inside  of  main  foot  mattress. 
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Ac  this  time  both  the  supply  of  bnish  and  of  stone  was  very  scanty,  and  itwaadetfr- 
mined  to  only  fiuisb  the  high-water  bank  protection,  half  way  up  the  bank,  leaving  an 
upper  zone  30  feet  wide  entirely  unprotected. 

Howevi  r,  before  tbo  water  had  risen  high  enongh  to  greatly  interfere  with  the  work 
there  wasr  an  increase  in  the  supply  of  material  and  the  work  was  completed.  The 
loading  of  revetment  could  not  be  entirely  iinished  owing  to  the  rapid  rise  in  the  river, 
and  the  stone  was  dumped  in  piles  on  the  work,  the  intention  being  that  as  the  water 
fell  it  would  be  more  evenly  distributed. 

In  the  early  part  of  January  the  river  began  rising  rapidly,  with  much  ice  running. 
As  the  work  on  Bullerfou  Tow-head  was  completed  as  far  as  could  bo  done,  orders 
were  received  from  headquarters  to  find  a  snitableand  safe  place  for  laying  up  part  of 
the  fleet  during  the  lluod  season.  A  very  safe  harbor  was  found  between  the  tow- 
head  and  Arkansas  bank,  and  tbo  work  of  moving  the  fleet  was  at  once  begun,  and  con- 
tinued from  day  to  day  until  completed.  A  small  force  was  kept  employed  during 
the  mouth  secuViug  the  work  on  the  outside  bank  of  the  tow-head,  which  they  man- 
aged to  do  before  the  river  flooded  its  bank. 

Fi*om  the  latter  part  of  January  until  the  end  of  May  no  work  except  such  neces- 
sary lor  the  proper  care  and  preservation  of  public  property,  and  for  which  a  small 
number  of  men  were  retained,  w  as  done.  By  the  latter  part  of  May  the  river  had 
fallen  ho  as  to  expose  abont  7  i'aet  of  bank,  and  an  examination  of  the  outside  of  Bul- 
lertou  Tow- head  revealed  damage  to  the  work  there.  A  close  ins|>ection  showed 
that  tbo  damage  was  caused  by  seepage  from  the  interior.  The  action  of  this  seepage 
water  was  to  soften  and  slowly  wash  ont  the  stratum  of  sand  and  silt  overlying  the 
clay  stratum,  allowing  the  upper  strata  to  settle  down,  and  the  work  to  slide  into  the 
water. 

Operations  were  at  once  begun  at  these  places  and  continued  from  the  Ist  of  June 
until  the  5tb  of  July,  by  which  date  all  the  damage  had  been  repaired.  This  work 
involved  the  construction  of  1,31)1  linear  feet  of  mattress,  from  45  to  50  feet  wide, 
1,105  linear  feet  of  revetment,  and  1,004  linear  feet  of  grading.  The  niattreflsea  were 
made  in  the  following  manner:  A  mattress  barge  capable  of  constructing  a  niattreas 
165  feet  wide  was  brought  alongside  of  the  bank,  and  with  its  long  axis  parallel  to  it 
and  st>arrtd  out  25  feet.  A  grillage  of  stout  poles  was  then  constructed,  one  edg^e  of 
it  resting  on  the  bank,  the  other  on  tbe  upper  terminus  of  the  ways  of  the  barge. 
Upon  this  grillage  a  heavy  mattress  was  constrncted,  and  when  fininhed  the  barge  waa 
sparred  out  from  underneath  it,  tbe  mattress  being  first  fastened  to  the  top  of  the  bank 
by  wire  cables  in  such  a  manner  that  it  could  neither  move  outstream  nor  down- 
stream, nor  could  it  slide  down  tbe  bank  after  b(*ing  sunk. 

Each  successive  mattress  overlapped  the  preceding  one  sufficiently  to  make  contin- 
uous work.  The  bank  was  then  graded  to  a  slope  of  1  on  3  and  the  revetment  laid 
thereon.  It  was  supposed  that  tbe  mattress  just  described  would  prevent  the  oozing 
out  of  the  semi-liquid  sand  and  silt,  and  that  by  grading  the  bank  to  a  long  slope  and 
thus  removing  much  of  the  sui>erincu'i.bent  weight,  the  tendency  to  settle  down  aud 
slide  out  would  be  much  lessened.  The  work  of  repairing  was  finished  on  the  5th  of 
July,  and  at  that  time  the  bank  ]>resent«d  a  fine  appearance,  all  the  new  work  having 
been  uniformly  loaded  with  stone  and  the  older  work  being  covered  down  to  the  wat«r- 
line  with  a  heavy  growth  of  willows. 

On  the  5th  of  July  the  work  of  closing  the  chute  behind  Bnllerton  Tow-head  was 
begun  by  commencing  the  driving  of  a  line  of  anchor  piles  across,  150  feet  above  the 
line  of  proposed  dike.  These  piles  were  driven  in  clusters  of  three  eaoh,  and  from 
25  to  50  feet  apart,  the  wider  spaeings  being  in  shallow  water.  To  each  pile  a  wire 
cable  was  fastened  at  such  a  distance  from  its  foot  that  when  the  pile  was  driven  tbe 
cable  would  have  entered  a  few  feet  into  the  bottom. 

At  the  same  time  the  construction  of  tooting  mattresses  at  each  end  of  proposed 
dike  w^as  begun,  that  along  the  tow-head  bank,  where  no  caving  was  going  on,  being 
200  feet  long,  while  that  at  the  opposite  bank,  which  was  a  blun  and  caving  one,  was 
552  feet.  After  tbese  mattresses  bad  been  sunk  the  bank  above  them  was  graded  and 
high- water  bank  protection  laid  thereon. 

The  object  of  thus  protecting  the  banks  was  to  prevent  caving  and  cutting  ai-onnd 
the  ends  of  the  finished  dike. 

As  soon  as  a  sufiicient  number  of  anchor  clusters  had  been  driven,  the  construction 
of  dike  foot- mattresses  was  begun.  These  were  made  165  feet  long  each,  and  varied 
in  width  from  75  feel  to  100  feet,  the  wider  ones  being  sunk  at  such  places  where  the 
depth  of  water  required  tbe  dike  to  cousist  of  four  rows  of  piling.  These  mattresses 
were  anchored  with  cables  to  the  anchor  eIuHtei*s  above  mentioned  and  in  such  a 
manner  that  when  sunk  from  25  to  30  feet  of  the  mattress  would  be  above  the  first 
row  of  dike,  while  the  entire  widr h  was  such  that  all  tbo  piles  of  the  different  rows 
penetrated  it,  each  mattre><s  overlap)>ing  the  preceding  one,  so  that  there  really  was 
a  continnouH  mattress  across  the  Hue  of  dike. 

By  refe'ence  to  the  sketch  aceompauying  this  nport  (Plate  XIV),  it  will  be  seen 
that  this  dike,  which  is  designate<l  Bullerton  Dike  No.  2,  is  nearly  completed. 
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The  gap  cannot  .bo  closed  nntil  the  upper  work  is  dono,  as  the  towing  of  material  is 
oue  through  it. 

As  fast  as  this  clike  was  completed  a  party  followed  with  the  coustrnction  of  an  in- 
Itned  grillage  mattress  between  the  former.  The  grillage  for  this  work  is  built  upon 
il^a,  which  latter  are  so  hung  with  wire  cables  from  the  riders  that  when  the  mat 
I  sunk  the  whole  will  make  an  angle  of  30^  with  the  horizontal,  the  up-stream  ends 
f  piles  and  edge  of  mat  resting  on  bottom.  Nino  hundred  and  forty-live  feet  of  this 
rork  was  completed  at  the  end  of  the  period  covered  by  this  report,  but  only  about 
00  feet  sunk,  as  it  was  feared  that  the  sinking  of  more  of  it  might  so  increase  the 
elocity  of  the  already  strong  current  running  through  the  gap  as  to  seriously  increase 
be  diflttculty  of  towinc  through  it. 

Od  September  3  work  on  Bullerton  Dike  No.  1  was  begun.  This  dike  is  a  continu- 
,tion  of  the  section  completed  the  year  previous,  which,  excepting  100  feet  of  the 
xtreme  end,  is  yet  in  good  condition.  Here  only  the  Arkansas  bank  required  auy 
protection,  and  high  and  low  water  bank  protection  276  feet  long  was  constructed. 

In  other  respects  the  work  was  done  as  at  No.  2;  that  is,  the  entire  length  of  dike 
ras  lirst  mattressed  and  the  piles  driven  through  the  mattress. 

In  this  dike,  also,  a  gap  will  have  to  be  left  until  the  work  on  the  one  at  the  foot 
•f  Osceola  Chute  has  been  completed.  This  latter  work  consists  in  strengthing  about 
50  feet  of  the  previously-constructed  dike,  and  was  begun  on  the  date  terminating 
hia  report. 

It  has  been  found  that  the  method  of  constructing  dikes  as  practiced  here,  f .  e.,  first 
aying  foot-mattress  and  then  driving  the  piles  through  it,  is  decidedly  the  safest 
dan  where  the  work  is  subject  to  scour,  and  much  to  be  preferred  to  that  where  the 
tike  is  first  constructed,  and  then  a  grillage  mat  built  between  the  piles  and  sunk. 
n  the  former  case  there  is  very  little  trouble  from  drift  getting  under  the  mattress, 
8  the  anchor  clusters  will  collect  and  hold  it  until  the  mattress  is  sunk,  and,  should 
ny  get  under  it,  it  will  usually  work  out  during  the  operation  of  sinking. 

When  these  mattresses  are  sunk  it  is  quite  certain  that  they  lie  in  good  shape  on 
he  bottom.  In  the  other  case,  the  drift  collecting  against  the  dike,  and  projecting 
Qore  or  less  inside  of  it,  is  a  serious  obstacle  to  properly  sinking  the  mattress,  aud, 
hen,  where  piles  are  driven  in  clusters  of  two  or  more;  as  is  usual,  and  where  they 
xe  more  or  less  spread  at  bottom,  it  is  impossible  to  sink  it  so  that  it  will  lie  Oat. 

No  difficulty  has  been  encountered  in  sinking  the  dike  foot- mat resscs.  One  of  them, 
60  by  100  feet,  was  lost  before  it  could  bo  sunk  by  the  accumulated  drift  breaking 
lown  the  anchor  piles  to  which  this  mattress  was  fastened. 

This  has  been  the  only  loss  iucurred  at  this  work,  not  a  pile  driven  having  been 
conred  out  or  otherwise  lost. 

The  maximum  depth  of  water  on  the  line  of  Dike  No.  1  was  found  to  be  28  feet,  and 
>t  Dike  No.  2,  34  feet.  An  examination  of  the  outside  bank  of  Bullerton  Tow-head 
iiade  in  the  early  jiart  of  August,  revealed  damages  to  the  work  there  at  four  places, 
wo  of  which  were  at  the  site  of  previous  repairs. 

The  damage  is  not  very  extensive  and  has  not  increased  in  extent  since  first  discov- 
red.  At  oue  of  these  places  the  damage  is  evidently  caused  by  failure  of  the  high 
nd  low  water  bank  protection  to  properly  connect. 

This  could  not  bo  avoided  at  the  time,  as  after  the  foot-mattress  had  been  sunk  and 
efore  the  revetmeut  could  be  laid  the  water  rose  considerably. 

Aa  it  appt?ars  evident  that  the  usual  method  of  protecting  the  banks  from  erosion 
rill  not  avail  against  interior  seepage,  some  other  plan  will  be  tried  when  the  repairs 
re  begun. 

A  series  of  experiments  to  determine  the  best  method  of  counteracting  the  damage 
auaed  to  river  banks  by  seepage  water  has  been  conducted  here  with  an  apparatus 
esigned  by  Mr.  A.  J.  Frith,  assistant  engineer  in  charge.  Twenty  four  experiments 
rere  tried,  some  of  them  covering  a  period  of  eight  days.  From  these  it  would  ap- 
ear  that  u  system  of  lateral  and  trnnsverse  blind  drains  bedded  on  the  clay  stratum 
rill  drain  these  places  without  injniing  the  banks.  Whether  these  drains  would  not 
3  time  become  choked  with  the  mud  to  such  an  extent  as  to  become  inoperative  can 
nly  be  dtcidetl  by  tests,  covering  a  long  period,  in  the  natural  banks.  Very  favor- 
ble  results  were  obtained  by  driving  piles  at  tUe  foot  of  the  bank,  and  then  filling 
he  space  included  betweou  the  lines  of  piling  and  the  bank  with  fascines  heavily 
fc-eighted. 

In  practice  there  would  be  two  rows  of  close  piling,  one  to  be  driven  about  equi- 
listaut  between  the  foot  of  bank  and  the  water-line,  the  other  at  the  foot.  The 
paces  between  the  lirst  row  and  the  bank,  ami  that  between  the  two  rows  of  piling 
X)  bo  filled  in  with  thick,'  narrow  mattress,  and  the  whole  heavily  loaded  with  stone, 
rhis  work  will  not  extend  above  water  surface,  the  bank  above  to  be  graded  and  re- 
veted  in  the  usual  manner.  It  is  believed  that  this  method  will  prevent  the  sliding 
>at  of  the  softened  silt  and  sand  composing  the  bank,  while  at  the  same  time  allow- 
Qg  the  seepage  water  to  drain  through.     It  acted  thus  in  the  experiments,  and  will 
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be  tried  on  the  Bullerton  bank.    The  draioftge  plan  will  also  be  practically  tcited 
there. 

Appended  is  a  HUDimary  of  work  done  during  the  |ieriod,  and  a  statement  of  lDlt^ 
rial  expended  in  construction  during  the  same  time.  Necessarily,  there  was  s  \ja^ 
amount  of  work  done  which  cannot  be  properly  tabnlated.  such  as  removiog  drift, 
clearing  of  banks,  removing  stone  and  d^brin  from  damaged  parts  of  bank,  piuDping 
out  boats,  and  other  work  necessary  for  the  proper  care  of  plant. 

The  accompanying  sketch  (Plate  XIV)  shows  the  condition  of  the  work  at  Buller- 
ton Tow-head  and  in  Bullerton  Chute  on  September  30,  1884. 

lo  avoid  confusion  of  lines,  the  foot-mattress  is  shown  in  front  of  dikes  and  the  in* 
dined  one  in  the  rear. 

The  heavily  shading  sections  of  Bullerton  bank  show  location  of  damaged  parts. 

Respectfully  submitted. 

Aug.  J.  NoLTT, 
UniM  8tat9§  SuptrimtekimU 

Mr.  Abthur  J.  Frith, 

United  States  Assistant  Engineer  in  t^arge. 


Summary  of  work  done  from  Xoremher  I,  1883,  to  September  30,  1864. 


TTork  done. 


Ballerton 
Tow-head. 


Foot-mattress  made squares. . 

Foot-mattress  sunk do...  ' 

Revetment  made do ....  | 

Revetment  loaded do 

Inclined  mattress  made do 

Inclined  mattress  sank do I 

Diko  flnisbod Unear  feet 


1,242.85 
1.422.85 
2.636.2 
0,186.9 


Bnllertaii 
Chat«L 


.  _     .t. 


Gradiugbank cabio  yards..!    18,827 


8.808.7    > 
2.B83.7 
1.030  21 
656.11 
647.9    ; 
275 
1,286       • 
10.871 


Total 


4,6381 55 

4.406l55 
3, 671 41 
7,048.01 

647.9 

275 
l.£A 


Summary  of  material  expended  from  November  1,  1883,  to  September  30, 1884. 


MateriaL 


BoUertcm 
Tow-head. 


Stone cable  yards..! 

Brnsli : cords . .  i 

Poles do 

Piling feet.-j. 

Wire pounds..' 

Spikes do I 

Coal bushels..' 

Rope feet. . 

Wire  cables number.. 


18,049l7  j 
2»  737.0  ! 
180.5 


8,500 
350 
160 

200 


Bullerteii 
Chute. 


8,245.8 

8,021.87 
4VS.25 
U7.821 
11.000 

2.008 

1,888 

1.825 

8,812 


Total. 


16.285.6 

5b  768127 
5tt.75 
97.821 
19,500 

8^253 

2,043 

1.825 

4,612 


F7. 


REPORT  OF  S.   P.   HATFIELD,   ASSISTANT  ENGiySER,   UPON    OPBRATIOMB  AT  PLUM 

POINT  DIKES. 

PLU.M  Point  Dikes,  Ociober  U,  1884. 

8ir:  In  o1>edi<^nre  to  inHtnictions  received  from  you,  I  liavo  the  honor  t4>  imbiuit 
the  following  report  of  operutioiis  at  Pluui  Point  Dikes,  covering  the  poriod  IVoni  De- 
cember 1,  iee!3,  to  October  1,  1884. 

From  Dcccmbcir  1,  18^:^,  tx)  December  4,  only  a  nmall  piece  of  foot-mat  woa  made  at 
the  head  of  the  main  dike,  and  work  was  suspended. 

To  this  time  there  had  been  built — 

Feet. 

Main  dike 2,0C8 

CroH.s-dik(!  No.  1 7914 

CroHs-dike.  No.  2 ((4:1 

Total 3,445 
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March  10  work  was  resamed  with  a  force  of  four  pile-drivers  in  charge  of  Mr.  James 
AnthoDy.  fleet  foremao.    Apt  il  101  was  directed  hy  you  to  take  charge. 

The  dikes  were  commenced  at  a  28-foot  stage  of  water,  and  kept  high  near  the  shore, 
gradaally  fallinc;  to  about  17  ieet.  The  dimensions  of  tlie  dikes  are,  width  equal  twice 
the  height,  and  up  to  25  feet  high  two  piles  in  front  row ;  above  this  height  3  piles  in 
front,  and  2  piles  m  the  other  rows. 

When  the  width  of  the  dike  would  be  over  22  or  23  feet  between  the  rows,  4  rows 
of  piles  are  intended,  as  braces  longer  than  this  too  readily  break.  Cables  lead  to  the 
rider  of  the  rear  row  from  the  river  bottom  at  front  and  middle  rows ;  these  cables 
are  fastened  to  the  piles  before  driving.  Diagonal  braces  of  cable  are  stretched  from 
every  fourth  pile  in  each  row  over  the  top  of  the  dike,  and  to  prevent  vibration  of 
ihe  piles  in  *' clumps"  of  2  and  3  of  front  row,  they  are  being  wrapped  with  cables  at 
nearly  middle  heignt.  ^ 

This  is  found  to  stiffen  the  clump.  Each  pile  is  lashed  to  a  brace  and  each  brace 
is  fastened  with  one  turn  of  cable  around  the  pile,  and  two  turns  around  the  rider — 
braces  being  notched  to  prevent  slipping,  and  the  lashing  so  disposed  as  to  meet 
the  pressure.  The  old  method  of  fastening  by  drift-bolts  and  separate  strands  of 
wire  which  were  drawn  tight  by  twisting,  was  abandoned,  and  cables  of  various 
lengths  required  have  been  supplied.  Experiments  made  May  7  showed  that  the 
cables  required  for  security  of  the  end  fastening,  at  least  one  and  one-half  turns  with 
three  spikes  turned  over  the  cable  and  clinched  into  the  wood — this  rule  has  been 
followed  in  all  fastenings. 

The  pile^rivers  lashed  the  riders  to  the  piles,  but  the  braces  were  lashed  by  a 
•'wiring  party."  This  party  was  organized  under  a  careful  foreman,  with  a  view  of 
securing  more  uniform  and  thorough  work  than  would  have  been  done  by  the  drivers, 
whose  foremen  were  apt  to  be  in  too  niuch^hasto  to  be  careful.  The  foreman  of  the 
wiring  party  also  superintends  all  cable  work  which  requiressteam-power  of  the  driv- 
ers. In  addition  I  will  state,  that  the  orders  have  been  that  the  piles  should  be  driven 
at  least  16  feet,  but  near  the  outer  end  of  the  dikes  they  have  been  driven  20  feet  to  allow 
for  some  scour.  Cross-dike  No.  6  was  commenced  during  high-water  and  about  400 
feet  built ;  the  strong  current  here  soon  scoured  the  bottom  so  that  about  200  feet  of 
the  dike  fell  in.  The  wreck,  remaining  in  deep  water,  proved  difficult  to  clear  away, 
ADd  the  dike  was  rebuilt,  starting  300  feet  above  the  former,  and  where  there  was  20 
f«*et  less  water;  this  was  built  out  700  feet,  and  by  offset  dropped  back  to  original  line. 

At  Cross-dike  No.  4,  150  feet  of  the  dike  was  scoured  out,  but  the  wreck  was  re- 
moved and  foot-mat  laid  on  which  the  dike  was  rebuilt.  To  carry  out  the  dikes  to  the 
distance  intended  will  require  500  feet  more  on  Cross-dike  5,  400  feet  on  Cross-dike  4, 
and  100  feet  on  Cross-dike  3,  but  there  is  yet  so  much  to  be  done  to  secure  the  dikes  as 
bailt,  that  the  extension  has  been  delayed  until  the  mattress  work  is  more  advanced. 

The  matress  work  began  May  13,  commencing  with  **  tip-mat "  on  Cross-dike  3. 
This  mat  rests  on  piles  inclined  from  the  bottom  of  the  front  row  of  piles  to  near  the 
rider  of  the  back  row.  There  are  as  many  of  these  inclined  piles  as  there  are  piles 
in  the  front  row.  Tbey  are  suspended  from  the  middle  rider  by  two  parts  of  cable 
and  two  parts  also  leading  to  the  rider  of  the  front  row.  The  frame  of  the  mat  is 
hung  by  wires  until  the  mat  is  complete.  The  wires  are  cut  and  the  mat  dropped  and 
loaded  until  sunk.  In  this  mat  the  small  end  of  the  brush  is  at  the  top  and  bottom  ; 
the  bottom  extends  from  10  to  15  feet  outside  the  dike.  The  brush  is  laid  diagonally 
in  the  dike  to  receive  the  support  of  the  inclined  piles  in  addition  to  the  frame. 

In  deeper  water,  and  where  it  is  necessary  to  secure  the  dikes  from  scour  before  a 
tip-mat  could  lie  made,  a  ilat  grillage  has  been  made. 

At  dikes  3  and  4,  before  the  outer  ends  could  be  built,  it  was  necessary  to  lay  a 
f(x>t-mat.  Along  the  fjice  of  the  main  dike  a  foot-mat  100  feet  wide  has  been  placed — 
also  the  same  around  the  end  of  Cross-dike  No.  6,  extending  200  feet  back.  For  tbe 
security  of  the  dikes  and  proper  sinking  of  mat,  great  care  has  been  taken  to  prevent 
drift  lodging,  and  to  remove  it  when  so  lodged.  Drift  rows  of  piling  were  made  s^bove 
dikes  3,  4,  and  5,  and  were  very  useful,  although  considerable  drift  would  come 
through,  yet  not  too  much  to  handle.  To  remove  the  drift  a  party  worked  ahead  of 
the  mat  party  and  fastened  the  drift  to  the  drift  row,  or  passed  it  back  to  where  tbe 
mat  was  suck  and  let  it  go  on  the  dike.  The  appearance  of  the  water  behind  the  tip- 
mat  showed  whether  it  was  well  on  the  bottom,  aid  where  holes  were  apparent  we 
have  placed  small  pieces  of  foot-mat  over  tbe  hole.  As  the  water  has  receded  so  that 
the  ettect  of  the  tip  mat  can  be  seen,  it  shows  that  where  the  small  end  of  the  brush 
is  resting  well  on  the  bottom  a  deposit  is  soon  made  over  this  brush,  and  the  current 
checked ;  but  if  the  mat  is  held  up  by  any  drift,  scour  occurs;  there  is  also  no  deposit 
if  the  butt  end  of  the  brush  is  down. 

During  low  water  we  were  able  to  improve  several  such  places,  and  also  distribute 
the  rock  l)etter  over  mat  sunk  in  high  water. 

As  directed,  no  tip- mat  has  been  built  at  Cross-dike  No.  6,  but  a  grillage  has  been 
laid  through  it,  except  a  small  piece  which  will  soon  be  completed.     Bank  protection 
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has  been  completed  on  Cross-dike  No.  4  and  that  on  Cross- dike  No.  5,  except  loading 
and  grading  done  at  No.  6. 

The  n)at  party  had  trouble  from  reefs  forming  above  the  dike,  so  that  barges  of 
brush  and  rock  coukl  not  be  brought  in.  Some  of  this  has  been  transferred  to  flats 
and  some  had  to  be  carried  over  dry  ground. 

In  working  from  the  lower  side  of  the  dike  the  brush  has  to  be  tamed  over  and 
passed  through  the  dike  and  cables ;  the  rock  also  has  to  be  carried  over  the  rear  of 
the  mat,  which  processes  are  slow  and  troublesome.  It  has  been  resorted  to  when  it 
was  necessary  that  the  mat  should  bo  built  and  sunk. 

Consolidated  report ^  mattress  work,  Plum  Point  Dikes,  from  May  13  to  October  I,  I8ti4. 


Dike. 

Foot-mat. 

Tip-mat. 

Grillage-mat. 

Bank  protection. 

Main             

Lin./t. 
1,699 

Sq.ft. 
169,900 

Lin.  ft 

Sq.ft. 

Linft 

Sq.fL 

Lin.ft 

Sq.ft. 

CroHR-dike  No.  1   

CruHs-dikn  No.  2 

220 
200 

Cro8B-dikc  No.  3 

j 

1.800 

1,725 

516 

112.085 

107,495 

36,150 

300        21.000 

8,140 
1^000 

Ciess-diko  No.  4... 

1 

510 

35.70U 

CruR8-<like  No.  5 

•         . 

CroBS-dike  No.  6 

650 

65,000 

2.850 

178,825 

Total 

2,349 

234,000 

4,041 

255, 730 

3,660 

233,525 

420 

23,140 

Main     ...     ..... 

CroH8-dike  Not  1. 
CroBsdiko  No.  2. 
(:i'»A8-<liko  No.  3. 


Diko. 


Materials. 


Stone.    .   Bitisb.       Poles.   !    Wire. 


Ou.yd». 
847.3 


Cords. 
1, 067. 1 


Cords. 
64— 


t 


I 


CbOt. 
M.4 


1,120.8       1,415.4 

Cross  dike  No.  4 ,    l,  204. 8       1, 506. 8 

CruHS-diko  No-  5 270.0  847.7 


Cross-diko  No.  6. 


Total 


Month. 


May 

June 

July 

August . . . . 
St^ptember. 

Total.. 


1,888.5  I    2,350.0 


5.840.4  ,    6,006.0 


136— 
15»- 


210.8 


66L0 

72.S 

16L4 

11L8 


611.8 


817. 8 


Labor 
secured 
(days). 


771.7 
1. 799. 3 
2, 005. 7 
2,000.3 
1  818.4 

8,805.4 


Labor  lost  (days). 


Sick. 


Pulling 
drift 


20.6 

225.   . 

85.0 

38.2 


860.7 


Moving 
barges. 


20.2 
173.0 
200.   - 
133.6 

14.   - 

Ml.  7 


Sundays, 


60.5 
424.   • 
357.6 
43L5 
336.   ■ 

i.ooa6 


Bain. 


Misoel. 
laneoot. 


TotaL 


66.2 
46.2 
17.0 
63.8 

178.8 


7.6 

8.1 

84.7  H 

8S.4 

82S.8 

488l6 


878.5 
8, 888.8 
2,780.0 
2,87&0 
8,54&0 

11,617.0 
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IMja  vork  of  dtlTOn : 


pii«drt;™T.;.::::;:":-.:::::;:: 

macra  mill  bracea 

Douis  (10  pir  day,  each  driver): 

827 

"^^■Igr.r!!^. ::::;:: 

iS 

rSTt? 

?i 

TotaU  .. 


PuUiug  drift 

Placinvpilu... 

MoTi  ns  uargea  - . . 
Uiaoeluueoua  -  -  - 


<riro-pany— 


^xertidc 

Fee'  of  piling... 


Cabiea 

HpAf  ■'.'■  .'■ 
IWIt-bolU... 


Work  parfonnMl  (llDeullwt). 


CniasiIikp.Ka.3.. 
Crou^lika.  No.  4  .. 
Cn>udika,ND.S.. 


ToMl  In  Ootober  1, 


%.2w\2,: 


2,  KW   . .  &  100 
2.<HW|  ..2.000 

2.sooau)i.2(M 
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Consolidated  report  pile-driver  operaiiona,  Plum  Point  DOcett  #o* — ContiDued. 


Pile  party 

Wire  party 

Pile-drivers 

Total  force 

Lost  by  Sundays  aod  holidays 

Labor  secured 


Division*  of  foroe. 


i 


1,287    

1,343  I 

10. 742J       747 


1«,  372^1      747 
1,W0  I       100 


1,808;      11.663i<      647 


A  small  portion  of  tbe  mat  remains  to  be  loaded  when  the  stage  of  water  is  more 
favorable.  Tbe  extent  of  the  dikc^s  obliges  ns  to  move  barges  a  long  distauce  by 
hand  ;  this  has  consumed  mnch  time.  Steamers  have  not  been  able  to  OHsiHt  much. 
In  this  handling  of  the  barges  the  drift  row  of  piling  has  l>een  very  nsofiil. 

The  map  and  tabular  reports  accompanying  (Plate  XIH)  show  the  location,  char- 
acter, and  amount  of  the  work  performed,  and  other  items  which  may  be  of  intercttt. 
It  gives  me  pleasure  to  refer  to  the  valuable  aHsistance  I  have  received  from  Mr.  Jaiued 
Anthony,  fleet-foreman,  and  Mr.  G.  Holmes,  as  boardiug-iMaster. 
Very  respectfully, 

S.  P.  Hatfikld, 
United  States  Assistant  Engineer. 
A.  J.  Frith, 

United  States  Assistant  Engineer. 


F  8. 


REPORT  OF  F.   A.  YEAGER,  ASSISTANT  ENGINEER,  UPON  OPERATIONS  AT  CRAIGHEAD'S 

POINT. 

Sir:  I  have  the  honor  to  submit  herewith  my  report  of  work  done  between  Station 
.V)  A  and  Craighead's  Point  from  August  5,  1884,  to  October  I,  1884. 

On  August  5  a  mat  150  feet  wide  was  started  about  100  feet  below  Siatioi)  56  A, 
and  from  the  5th  to  the  i^Tth  1,197  feet  were  made  an<l  1,01)7  foct  sunk,  100  feet  having 
been  lost  in  sinking. 

On  tbe  'irfth  a  new  mat  175  feet  wide  was  commenced,  with  a  hi^ivy  boom  of  cyprcM 
piling.  Thirty-three  feet  of  mat  were  made  on  the  Imrgo  before  sbiftint;,  and  on  Sep- 
tember 2  an  attempt  was  made  to  launch  it,  but  owing  to  tho  stiting  current,  the  in- 
stant it  struck  the  water  the  boom  broke,  and  tho  m.it  doubled  up  and  slid  from  the 
barge.  This  ])iece  of  fliat,  33  feet  by  175  feet,  was  sunk  near  tho  ehore,  and  on  tbe  3d 
a  new  one,  150  feet,  was  8tart<?d  with  a  boom  tbro«i  piling  in  thickness. 

On  the  5th  this  met  the  same  fate  as  the  oilnu*. 

From  the  Gth  to  the  Hth  tho  bank  was  cleared  prejtaratory  to  grndiug.  aiid  on  thi* 
9th  another  mat  175  feet  wide  was  started,  wiih  two  booms  ten  feet  apai't,  and  soveu 
piling  running  up  into  the  mat,  which  was  comTnen«ed  on  tbe  upper  boom.  On  the 
lOth  38  feet  were  successfully  launched,  and  held  by  seven  lines  and  two  wire  ropes. 
Drift  began  to  collect  almost  imperceptibly,  and  on  the  tJOth  tho  two  wire  ropes 
parted,  causing  tho  head  of  the  mat  to  sink  about  2  feet.  On  the  25th  enough  drift 
had  collected  to  sink  it  3  fret  more.  A  large  fence  of  men  \va3ke|>tat  work  reuioviuK 
the  drift,  and  on  the '27th  the  mat  looked  in  good  condition,  and  preparations  ^ew 
made  for  linking  on  the  29th. 

The  mat  was  now  581  feet  in  length,  and  held  by  six  2  inch  and  seven  l^-ineh  lines 
and  one  wire  ro])e.  On  the  morning  of  the  29(h  all  lines  parted,  and  the  mat  and 
mat-barge  and  three  other  barges  were  carried  down  tho  riv(!r. 

These  were  lan(le<l  by  the  Kirns,  and  towed  back  by  the  Kirns  and  Itaska. 

Another  mat  150  feet  wide  has  heon  started,  but,  as  per  orders,  it  will  not  be  lunncbeil 
until  drift  stops  running. 
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At  the  place  where  these  mats  were  started  the  river  is  Irss  than  2,000  feet  vi  ide, 
anil,  as  will  he  seen  hy  the  acconipoDying  sketch  (Plate  XV),  the  current  strikes 
8ti  aight  into  the  bank  ial  that  point,  making  it  very  difficult  to  hold  a  mat  there. 

Caving  is  taking  place  rapidly  jnst  below  the  mat,  but  very  little  has  taken  place 
bt'hind  the  mat. 
The  sand-bars  on  sketch  are  not  taken  from  survey. 
Very  respectfally, 

F.  A.  Yeaoer, 

AsHstant  Engineer. 
Abthur  J.  Frith, 

United  States  Aeeietant  Engineer, 


F9. 

RKPORT    OF    NEVILLE  B.    CRAIG,  ASSISTANT  ENGINEER,  UPON   SURVEYS,    PLUM   POINT 

REACH. 

AsHPORT,  Tenn.,  Octohfr  17,  1884. 

Sir  :  In  accordance  with  instructiouK,  I  have  the  honor  to  submit  the  following 
report  for  the  eleven  months  ending  October  1,  1881  (Appendix  F  9,  and  Plates  I, 
II  (2  sheets),  III,  IV,  V,  VI,  and  VII.) 

'I'ho  following  is  a  brief  summary  of  work  done  by  the  survey  party.  [Here  fol- 
lows a  statement  showing  that  the'time  of  this  party  wns  well  occupied. — J.  G.  D.  K.] 

During  the  period  embraced  by  this  re^iort  fourteen  measurements  of  discharge 
were  made  at  1  niton.     The  four  channels  at  Bullcrton  were  gauged  September  15. 

The  meter  party,  under  Assistant  Engineer  Riley,  was  detached  from  the  main 
party,  and  engaged  upon  current  observations  from  December  19  to  February  28. 

Below  are  given  the  results  of  all  the  discharge  observations  made  subsequent  to 
February  24.  Those  made  previous  to  that  date  by  Assihtaut  Engineer  W.  H.  Powless, 
then  in  charge  of  the  party,  were  probably  reduced  and  the  results  sent  away  with- 
out retaining  copies.    At  least  I  can  find  none  here. 

DISCHARGE  OBSERVATIONS. 


At  FvlUm,  November  1, 1883,  to  October 
1,1884. 


February  35, 1884.. 
Fcbrnary2fi,l884.. 

Harch  12. 1884 

If  aroh  10. 1884 

April  3. 1884 

April  25. 1884 

April  28, 1884 

lfa?8. 1884 

Ilsy9.1884 

Hay  24, 1884 

June  21, 1884 

Aognst  8, 1884 

Scptmnber  18, 1884 


Jf#ar  FnUim  Section,  head  ef  I»land  34. 

Kay  9. 1884 

BuOerUm,  September  15, 1884. 


BallertoD  Chote 

Chaond  outside  Bollcrtcni 

MidilleBarCiuHiiMl. 

Yankee  Bar  ChaaMl 


Total  diaobaKiee 


33.56 
.33.56 
31.45 
31.  80 
34.07 
30.55 
30.47 
29.10 
29.52 
21.65 
20.55  : 
14.34  ! 
6.90 


29.44 


7.15 
7.15 
7.15 
7.15 


167,760  I 
167,160  . 
178,200  I 
161,550 
161,530  ' 
153,610  ; 
154,722 
131,340 
131,480 
112,190 
92,710 


209,120 


20,480 
23, 020 
13,340 
13,600 


• 

It 

>t 

h 

o 

4) 

■*» 

A 

1 

•0 

8d 

veloci 
econd. 

reaof  c 
tio 

Is 

aximnm 
per  84 

iaohai 
seoo 

< 

^ 

^ 

P 

Sq./eet. 

Feet. 

Feet. 

Chbie/eet 

169, 635 

8.64 

11.54 

1,466,446 

170, 762 

a  39 

11.76 

1,432,774 

6.34 

7.70 

8.26 

7.43 

7.14 

6.987 

7.21 

4.50 

4.49 

3.441 

2.003 


4.452 


1.65 
1.666 
3.348 
1.920 


7.82 
9.32 
10.48 
9.15 
9.04 
8.47 
9.08 
5.82 
5.67 
4.15 
2.83 


5.11 


2.065 
2.577 
4.252 
2.627 


1,067,686 

1,286,273 

1,472,150 

1, 201, 025 

1, 153, 450 

1,073,313 

1, 115, 605 

501, 359 

590,063 

386, 117 

180, 710 


931, 018 


33,895 
38,349 
44,662 
26,186 


143,002 
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The  meter  party,  under  Mr.  Riley,  failed  to  accoiuplisb  anytbinc  owing  to  the  strong 
current  at  the  old  Fulton  gauging  section,  and  the  inability  of  the  laanch  to  do  the 
work  required  of  her.  All  the  results  given  below  wcix;  obtained  by  the  lucthoil  of 
double  lioats. 

It  will  be  obRerved  that  two  sections  were  gauged  at  Fulton  ou  the  8th  and  9ih  uC3 
May. 

The  first  gauging  was  done  on  the  old  gauging  section.  Then  the  new  ganging  sec-^ 
tiou,  just  above  the  head  of  Island  34,  was  gauged ;  after  which  discharge  observatioL^ 
were  again  made  on  the  old  section. 

The  two  sections  were  opposite  in  character,  the  old  being  narrow  and  deep,  th  ^ 
new  wide  and  very  shallow.  They  were  so  situated  that  gauging  them  was  equivi^^j 
lent  to  gauging  behind  a  submerged  dam  and  then  on  its  crest. 

As  anticipated,  widely  divergent  results  were  obtained,  as  the  following  coinparisc^rr 
will  show :  ^ 


Dat«. 

I 

Old  Bection  obfterved i  May  8 

Do May  9 

Old  sect  ion  ronipntetl May  0 

2fevr  sfctiou  observed May  9 


Time. 


Area. 


velocSvDerl  I>l»<^h«r||:e 


Falto 


Sq.feeL 
153. 610 

10.21  a.  ni. 

2.4r)p.ixi. 

154,722 

10.00  a.  lu. 

IM,  537 

10.00  a.  lu. 

209,120 

Feet. 
6.987 
7.210 
7.173 
4.462 


I  Oubie/eei. 

\  1.073,313 
1.115,005 
1.108,404 

I        931,018 


The  third  column  is  computed  from  the  first  and  second,  on  the  snppoeition  tbat 
the  area  and  mean  velocity  vary  uniformly  with  the  gauge-reading  during  the  iiitrr' 
val.    The  constant  variation  in  the  cross-section  at  the  old  ganging  section  isdeservfo^ 
of  careful  htudy.     I  am  convinced  that  the  section  constantly  endeavors  to  adapt 
itself  to  the  discharge,  but  when  a  sudden  change  in  stage  occurs,  the  section  is  laijjer 
or  smaller,  as  the  case  may  be,  than  the  discharge  requires;  and  at  such  times gtu|;* 
ing  is  erroneous  from  considering  an  area  that  is  either  not  wholly  effective  for 
discharge,  or  so  much  less  than  the  discharge  requires  that  for  the  time  being  the 
law  of  velocity  in  a  vertical  plane  is  changed.     A  number  of  facts  lead  to  this  con 
elusion,  but  additional  observations  taken  with  particalar  regard  to  this  subject  tn 
required  before  the  inference  (;an  be  regarded  as  fact. 

It  is  my  hope  that  discharge  measurements  may  be  in  futnre  a  more  promiueDfc 
feature  in  the  work  of  the  party. 

THE   LKVEK  SURVEY. 

.This  survey  was  begun  June  '^4,  under  instructions  to  make  a  survey,  plans,  and 
estimates  ibr  a  levee  that  would  prevent  the  escape  of  water  over  Plnm  Foint.  The 
first  part  of  the  work  involved  a  survey  of  the  old  Ashport  levee,  extending  fromAsb' 
port  to  the  bluifs,  8  miles  back.  Cross-sections  of  the  levee  were  taken  every  100  feet 
and  at  many  intermediate  points. 

I  found  the  levee  in  a  very  fair  condition,  but  it  seems  to  have  been  built  on  thesnp- 
position  that  high  water  at'the  blufls  would  be  about  the  same  level  as  at  Ashport^ 
while  as  a  matter  of  fact  there  was  a  difi'erence  in  the  high  water  of  1882  at  the  two 
places  of  about  4  feet,  being  highest  at  the  bluffs. 

As  a  conse(iuence,  almo.st  the  first  flood  after  it«  construction  ruined  it,  and  the  badly 
damaged  ]»ortion  is  all  at  the  end  next  the  bluffs,  while  near  Ashport  the  levee  Ufoi 
a  long  distance  still  ])erfeet.  From  Ashport  our  location  isalong  the  river,  at  vairing 
distances  from  it.  to  the  head  of  Yankee  Bar.  It  then  follows  a  ridge  back  of  Croteh- 
er*8  Lake  and  ntrikes  the  main  bank  of  Old  River  back  of  Flower  Island,  which  i( 
follows  f(»r  a  mile  and  a  half,  and  then  runs  directly  to  Cold  Creek,  which  itnwo^* 
about  1  mile  above  its  mouth. 

1  r(>gn't  that  deficiency  in  the  office  force  and  the  short  time  allowed  for  thepfop*' 
ration  of  this  n'port  render  it  impossible  for  me  to  present  the  results  of  thesorvef 
here. 

The  line  was  completed  August  'M. 

6UMMAKY   OF   CHA>'GE8   ON   THE   URACII. 

A  map  showing  scour  and  deposit  on  the  entire  reach  was  made  some  months  tfft 
but  without  a  pantagraph  I  am  unable  to  make  a  reduction  of  it  to  a  smaller  scale  m 
time  for  this  report.* 

"  Blue  prints  of  this  were  distributed  to  the  Mississippi  River  Commission.  Tto 
map.  if  n^produced  here,  wouM  be  apt  to  iniHlead,  as  the  comparison  was  of  lov- 
water  stage,  with  a  following  intermediate  falling  stage.  Results  shown  would  be 
greatly  modified  by  the  following  falling  river.  J.  G.  D,K, 
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In  an  accomxianying  diagram  (Plate  III)  I  have,  however,  given  graphically  a 
comparison  of  eftective  low-water  crosft-section  areas  for  three  surveys,  viz,  that 
nmcle  in  the  fall  of  lt81,  that  of  October,  1^83,  and  the  last  general  survey,  made  in 
May  and  June,  18c^4.  Maps  are  aUo  submitted  showing  the  condition  of  the  river  in 
the  vicinity  of  Bulleiton  Towhead  (Plate  Vll)  and  the  Gold  Dust  Dikes  (Plato  VI) 
from  surveys  made  during  the  lowest  water  of  the  season.  Accompanying  each  of 
theso  two  maps  are  comparisons  (Plates  IV  and  V)  of  the  present  condition  of  tho 
river  in  the  localities  mentioned  with  that  shown  by  the  survey  of  October,  1883. 

The  most  remarkable  and  sudden  changes  on  the  reach  are  those  which  have  oc- 
curred in  tho  Bullerton  Channels.  During  the  last  high  water  a  general  deposit  took 
placo  over  liearlj-  the  whole  area  of  Bullerton  Chute,  as  shown  by  the  survey  of  April 
15,  and  just  outside  the  opening  in  the  Osceola-Bullertou  Dike;  this  deposit  attained 
a  maximum  depth  of  27  feet. 

Such  an  obstruction  in  what  had  been  the  main  channel  brought  an  increased  force 
against  the  weaker  portion  of  the  dike  at  tho  foot  of  Osceola  Bar,  and  it  gave  way. 

A  large  amount  of  water  began  passing  into  Bullerton  Chute  through  the  break  in 
the  dike,  and  scoured  the  channel  deeper  as  the  water  fell. 

At  a  lower  stage  a  general  deposit  in  the  main  river  opposite  and  below  Bullerton 
resulted,  and  the  extremely  unfavorable  state  of  affairs  shown  by  the  survey  of  May 
22  ensued.  The  building  of  the  cross  dikes  on  ranges  48^  and  51^  in  Bullerton  Chute 
went  far,  however,  to  rectify  the  mischief  done,  and  in  a  few  weeks'  time  tho  river 
cut  a  steamboat  channel  through  the  immense  bar  in  the  middle  of  the  river,  as 
shown  by  the  survey  of  August  4.  This  cut  through  the  bar,  by  diminishing  the 
current  in  the  channel  just  outside  Bullerton,  acted  rather  unfavorably  upon  tho  old 
Bullerton  crossing  at  Bullerton  light,  which  for  a  time  became  extremely  trouble- 
some to  all  the  larger  steam  and  tow  boats,  until  about  the  middle  of  August  they 
abandoned  it  entirely  in  favor  of  the  middle-bar  channel.  This  state  of  al!*airs  ex- 
iBied  during  the  latter  part  of  August  and  the  first  fifteen  days  in  September.  Tho 
extension  meanwhile  of  Dike  No.  6,  the  lowest  of  the  Hotchkiss  dikes,  was  operat- 
ing gradually  to  make  the  middle-bar  channel  difficult  of  entrance  above,  narrow  and 
crooked  in  places  below.  Steamboats  frequently  ran  aground,  and  in  one  instance  a 
fleet  of  five  barges  of  the  Saint  Louis  and  Mississippi  Valley  Transportation  Com- 
pany broke  and  ran- aground  in  it. 

About  this  time  tho  Bullerton  survey  of  September  13  revealed  the  fact  that  the 
old  Bullerton  crossing  had  been  scouring  and  straightening  itself,  and  that  there  was 
a  clear  12-foot  channel  for  tho  stage  theu  existing. 

A  few  days  later  all  the  boats  in  the  river  were  using  this  channel,  and  the  middle 
bar  channel  was  completely  abandoned. 

CAVING  BANKS. 

The  following  are  the  most  noteworthy  cases  of  caving  banks  on  the  reach : 

(1.)  Ou  the  Arkansas  side  of  the  river  immediately  above  DaniePs  Point  a  large 
amount  of  caving  occurred  during  the  subsidence  of  the  last  high  water. 

(2.)  Some  caviug  has  been  going  on  constantly  on  the  outside  of  Ashport  Bar,  R. 
22-24,  but  is  not  important. 

(3.)  On  tho  Tennessee  side,  between  R.  22  and  R.  26,  the  caving  is  quite  rapid  dur- 
ing the  falling  stages  succeeding  high  water.  This  caving  attains  its  maximum  at 
a  point  above  750  leet  below  R.  25,  where  between  the  surveys  of  October,  1883,  and 
April.  18^4,  the  caviug  amounted  to  400  feet.  The  significance  of  this  fact  is  seen 
when  it  is  slated  that  from  R.  21  to  R.  25  several  sloughs  and  low  banks  permit  an 
enormous  volume  of  water  to  escape  in'o  the  low  ground  a  quarter  of  a  mile  beyond 
where  the  levee  survey  shows  a  dry  lake  or  slough  of  immense  size  leading  directly 
to  Cold  Creek.  Every  foot  that  caves  here  serves  to  weaken  the  slight  barrier  that 
now  remaiuK,  and  increases  the  probability  that  Plum  Point  may,  before  long,  be 
called  Plum  Island. 

(4.)  From  R.  aO^,  just  below  Fletcher's,  to  R.  36,  atElmot,  the  worst  case  of  caving 
on  the  reach  occurs. 

From  October,  1HH3,  to  Mav,  1884,  the  caviug  was  as  follows:  R.  31=100  feet;  R. 
32=210  feet;  R.  3:ic^;H->  feet;  R.  33^=700  feet;  R.  34=385  feet;  R.  35=10  feet;  R. 
'M\,  slight. 

Since  the  May  survey,  the  caving  has  been  more  rapid  on  the  lower  ranges  near 
Klmot,  an<l  not  so  gnat  upon  tl:oso  above. 

(5.)  There  has  also  been  considerable  caving  going  on  between  ranges  34  and  36, 
inside  Elniot  Bar,  which,  on  range  35,  amounts  to  about  270  feet,  between  October, 
lc-83,  and  the  present  date. 

(().)  Ou  the  Arkansas  side,  back  of  Bullerton  Tow-head,  R.  50^R.  54,  the  maximum 
caviug  amounts  to  about  100  feet,  between  October,  18^'3,  and  May,  le84. 

(7.)  Between  the  same  dates,  the  head  of  Yankee  Bar  has  receded  740  feet  dowy- 
streum. 
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(8.)  The  whole  shoio-line  on  the  Arkansas  side,  hctweou  Pettey's  Landing  and  R. 
70,  at  Craighead  Point,  has  been  caving  rapidly.  From  October,  18^,  to  Jnoe,  164^1^^ 
the  grontc6t  caving  was  between  R.  6L  and  R.  71,  reaching  its  maximum  at  R.  6:^^^ 
where  it  amounted  to  380  feet.  Since  June,  1884,  the  caving  has  been  more  rapi- — « 
above,  and  principally  due  to  the  impinging  force  of  the  btrong  current  passia*,^ 
through  the  middle  bar  and  Yankee  Bar  channels. 

I  regret  that  the  brief  time  allowed  for  the  jtreparation  of  this  report  baa  reuden  -^ 
it  impossible  for  me  to  even  gather  together  and  examine  many  of  the  maps  and  coi 
putations  on  tile  at  Elmot  and  at  Cairo,  which  wonld  be  absolutely  necessarj'  to  ma! 
this  report  thorough  and  complete.    My  x^rescnt  assistants,  Messrs.  Manrer  and  Sti 
tevant,  as  well  as  those  lately  connected  with  the  party,  Messrs.  Hiroi  and  Hall,  bn^ 
rendered  valuable  service. 

Mr.  Maurer,  particularly,  is  deserving  of  the  greatest  credit  for  the  faithful  a  ^,^ 
painstaking  manner  in  which  he  has  done  the  draughting  and  made  all  necessary  :x>. 
ductious. 

Mr.  Herman,  though  only  serving  as  level  rodman,  has  fioqaently  done  efficionf 
service  with  the  transit. 

Very  respectfully,  yonr  obedient  servant, 

Neville  B.  CraiGj 
United  States  AaaUtant  Engineer. 

A.  J.  Frith, 

Aaaistant  Engineer, 
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REPORT  OF  CAPTAIN  CLINTON  B.  SEARS,  CORPS  OF  ENGINEERS,  UPON  OPERATIONS  IK 

THE  SECOND  DISTRICT. 

(Maj.  A.  M.  Miller,  Corps  of  Engineers,  U.  S.  A.,  in  charge,  to  September  1,  1684 ;  Capt. 
Clinton  B  Sears,  Corps  of  Engineers,  U.  S.  A.,  in  charge  (temporarily)  since  Septem- 
ber 1,1884.) 

This  district  extends  from  the  foot  of  Island  40  to  the  month  of  White  River.  TIm 
improvements  of  two  reaches  only  in  this  district  have  so  far  been  contemplated,  vis. 
the  Memphis  and  Helena  reaches.  Owing  to  a  want  of  funds,  nothing  has  been  done 
on  the  latter  reach  beyond  a  survey,  nor  has  any  project  for  its  improvement  been 
made. 

1.  Memphis  Jieach  and  Harbor. 
(Assistant  Engineer  W.  M.  Rees,  in  local  charge. ) 

The  original  project  for  the  improvement  (»f  this  reach,  submitted  by  Muor  Miller 
and  approved  by  the  Commission,  contemplatfKl  the  narrowing  of  the  river  below  Iiil- 
and  40  to  an  average  of  :^,000  feet  by  closing  Beef  Chute,  east  of  Island  40  (in  fint 
district),  by  building  up  the  bar  from  Ash  Slough  to  foot  of  Island  40,  by  meanaof 
dikes,  and  by  the  same  means  to  build  up  artificial  banks  on  the  opposite  side  in  tbe 
Ash  Slough  Bend  and  at  the,  bond  above  Mound  City ;  to  close  }?>ame's  Chnto  at  high 
water,  and  to  hold  the  caving  banks  in  Hopetield  Bend,  on  the  ArkanHas  side,  and  to 
<lo  the  same  on  the  Tennessee  side  from  Frame's  Chnte  to  mouth  of  Wolf  River,  and 
below  the  latter  as  far  as  may  be  necessary  for  the  preservation  of  the  city  firopt. 
Billow  Fort  Pickering  to  close  the  chute  to  the  east  of  President's  Island  by  dikes. 

This  project  has  been  carried  out  only  jis  far  as  relates  to  the  revetment  work  in 
llopeiield  Bend,  aiul  above  and  below  the  mouth  of  Wolf  River.  No  dike  worklm 
been  done. 

Revetment  work  has  Ix^en  carried  ou  at  intervals  through  two  years  as  rapidly ■* 
the  funds  available  and  the  state  of  the  river  would  permit. 

HOPEFIKLD  BKND. 

This  revetment  consists  of  a  subafpieous  mattress,  abont  140  feet  wide,  and  an  DP* 
per  bank  brush  n*vetui(M)t  laid  on  a  graded  bank  and  well  ballasted  with  stone.  UP 
to  November  1,  1"^.^3,  (J.TcO  linear  I'eet  of  subafpieous  mat  had  been  sunk  and4,lw 
linear  feet  of  upper  l>;ink  ]H'oteciion  iiad  been  i)laeed. 

Dnri:ig  tlu^  la.st  eleven  ni  nibs  the  work  lias  lu^en  carried  on  as  energetically  as  (N*' 
sible,  but  under  many  a.lverse  cireumstanjres,  and  has  lM?.en  attended  with  mioy 
losses,  cauocd  by  drifi  ae-.Mi:n:il.itions  and  stri>ii;j:  currents.  Much  danfago  has  becu 
done  by  the  Hood  to  the  work  at  the  head  of  the  bend,  and  all  of  the  sflbaoaeoqi 
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mattress  from  where  the  npper  bank  rovetment  ended  down  to  the  end  had  disap- 
peared after  the  flood. 

This  is  supposed  to  be  lyin<;  on  the  bottom  of  the  river,  and  may  have  some  bene- 
ficial effect  m  retarding  the  deepening  of  the  channel  wliere  it  lies. 

The  flood  of  lo84  lelt  only  some  5,700  linear  feet  of  bank  protection  in  fair  shape. 
No  caving  of  importance  took  place  along  this  piece,  but  below  it  where  the  npjier 
bank  had  not  been  revetted  extensive  caving  took  place. 

The  revetment  at  the  upper  end  of  the  bend  has  been  repaired  and  the  subaqueous 
mat  and  upper  bank  protection  has  been  continued  down-stream  from  the  end  of  the 
nniojnred  portion  of  last  spring. 

The  subaqueous  mats  have  been  made  wider  and  stronger,  the  upper  bank  protec- 
tion has  bccin  made  tliicker,  and  greater  care  has  been  taken  tocounectthe  upper  and 
lower  bank  revetments. 

It  is  expected  that  the  maiu  portion  of  this  work  will  be  completed  before  the  next 
high  water. 

For  <letails  of  manner  of  construction,  cost,  progress,  and  condition  of  work,  Oc- 
tober 1, 1884,  see  Assistant  Engineer  Rees's  report  herewith,  marked  Appendix  G  1,  and 
map  marked  Appendix  G,  Plate  I. 

MEMPHIS  HARBOR. 

The  work  here  is  local  and  for  the  protection  of  the  city  front,  which  is  covered 
with  costly  buildings,  such  as  elevators,  cotton  sheds,  warehouses,  oil  mills,  railroad 
depots,  &c. 

Just  below  the  mouth  of  Wolf  River  the  whole  main  channel  of  the  river  strikes 
the  shoix)  almost  at  right  angles ;  the  current  is  very  strong  and  the  channel  very 
deej>,  having  at  some  places  100  feet  at  11.4  feet  on  Memx)his  gauge,  and  this  within 
:J00  feet  of  the  shore. 

These  conditions,  taken  in  connection  with  the  hindrance  from  buildings  on  top  of 
the  bank  and  extending  down  to  tbewater,the  constant  use  of  the  banks  for  steauiers, 
barges,  ferry  landings,  coal  fleets,  and  railroad  transfer  landings,  cause  any  attempts 
to  protrct  this  front  to  bo  attended  with  many  and  serious  difficulties. 

An  eflectual  protection  shouldconsist  of  a  continuous  subaqueous  mattress,  at  least 
300  feet  wide,  of  double  thickness  and  well  ballasted  with  stone;  of  an  extra  thick 
and  strong  upper  bank  revetment,  solidly  covered  with  stone,  and  laid  on  a  grade  not 
less  than  one  to  four,  and  of  a  strong  brush  mat  connection,  woven  into  the  upi>er 
work  and  lapping  well  over  the  lower  work. 

These  conditions  we  have  been  unable  so  far  to  fulfill  as  regards  width  of  lower 
mat.     The  two  abortive  attempts  to  sink  wide  mats  are  described  in  Mr.  Rees^s  report. 

The  reason  of  this  failure  was  that  these  mats  were  not  strong  enough  to  stand  the 
great  cross-strains  thrown  onto  them  while  sinking.  Had  it  been  practicable  to  have 
evenly  distributed  the  strains  on  the  lines  and  rods,  so  as  to  have  given  equal  bear- 
ings, it  is  possible  the  mats  would  have  proven  sufficiently  strong.  The  factors  in  the 
problem  are,  however,  so  uncertain  that  it  will  be  necessary  to  add  large  factors  of 
Kifety  to  the  mat  to  allow  for  unequal  strain. 

Preparation  had  been  made  for  a  new  mat,  2.'»0  feet  wide,  to  begin  just  below  Wolf 
River,  and  the  rods,  rope,  &c.,  prepared,  when  the  river  suddenly  rose  some  8  or  9 
Teet,  bringing  down  considerable  drift  and  greatly  increasing  the  current,  and  it  was 
leenied  advisable  to  wait  for  lower  water. 

In  the  tall  of  1882  two  mats,  each  V^O  feet  by  60  feet  by  2  feet,  were  sunk  in  front  of 
he  cotton  platform  at  the  foot  of  Winchester  street,  and  14  mats  of  the  same  dimen* 
ious  each  (except  one  which  was  120  bv  40  by  2  feet)  were  sunk  parallel  to  each 
ther  and  extending  from  the  loot  of  Market  street  to  the  foot  of  Poplar  street. 

lu  188^5  five  mattresses,  each  120  by  60  feet,  were  sunk,  three  near  the  cotton  com- 
•ress  and  two  in  front  of  the  city  landing,  and  the  bank  was  graded  and  revetted  from 
h<5  eh'vator  to  the  cotton  compress. 

Owing  to  limited  means  this  work  was  put  only  at  the  points  of  greatest  danger, 
•lit  being  fragmentary  and  detached  did  but  little  good. 

Upon  the  allotment  of  more  ample  funds  the  continuous  upper  and  lower  revetment 
cas  projecte<l  and  has  been  carried  out  as  effectively  as  possible  in  the  face  of  the 
ifBcultics  encountered. 

Portions  of  the  two  wide  mats  that  broke  in  sinking  were  secured  and  sunk  in  front 
f  the  elevator.  A  subaqueous  mat  1.50  feet  wide  now  extends  from  a  point  about  500 
eet  above  Wolf  River,  continuously  across  the  latter  and  down  to  near  the  foot  of 
elferson  street.  This  overlies  the  mats  previously  put  down  and  the  two  portions 
kbove  mentioned  for  a  distance  of  960  feet,  and  in  front  of  the  elevator  there  are  three 

liicknesses* 

Bat  little  trouble  has  been  experienced  in  sinking  this  mat,  and  no  loss. 

Tho  upper  bank  has  been  graded  to  the  foot  of  Exchange  street,  and  about  500  feet 
las  been  revetted  and  well  ballasted. 
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It  is  expected  that  the  jading  and  upper  bank  protection  will  be  completed  to  the 
foot  of  .Teflbrson  street,  where  the  Icveo  pavement  beginR,  and  the  narrow  lower  mat- 
tres8  sunk  to  the  foot  of  Beale  street  before  high  water;  also,  a  sill  mattress  laidfin} 
and  aft  in  Wolf  Kiver  and  extending  well  out  across  the  present  shore  mattress. 

If  the  next  attempt  at  sinking  a  wide  mattress  bo  snccessfnl,  its  constnictiou  will 
be  continued  down  as  far  as  the  money  and  season  will  permit. 

FINANCIAL  STATEMENT. 

Memphis  Beach  and  Harbor. 

Amount  allotted  by  appropriation  of— 

August 2, 1882 $325,000  00 

January  18,  1884 90,000  00 

July  5.  1884 200,000  00 

615,000  00 
Total  amount  expended  to  September  30, 1884 431,6?2  97 

Balance  available,  October  1,  1884 183,.^  03 

In  treasury 110,00o'o0 

In  hands  of  Captain  Sears 73,327  03 

183,327  03 

The  condition  of  the  records  in  this  office  is  such  that  a  classified  statement  of  ex- 
pemlitiires  i)rcviou8  to  September  1  is  impossible,  Major  Miller  having  taken  his 
retained  vouchers  with  him,  and  there  being  no  copies  on  file. 

For  details  of  construction,  cost,  and  condition  of  work,  October  1,  1884,  see  As- 
sistant Engineer  Rees's  report  herewith,  and  map. 

SUMMARY. 

As  the  work  so  far  done  on  this  reach  is  only  preliminary  and  partial,  is  in  iHvt 
deemed  advisable  to  attempt  any  comparisons  with  a  view  to  determining  the  improve- 
ment brought  about  by  the  work  so  far  done  as  regards  channel  improvement. 

It  is  not  expected  that  bank  revetment  will  have  any  positive  effect  in  improving 
a  channel-way.  The  good  to  be  expected  is  negative  to  the  extent  of  holding  a  cer- 
tain amonnt  of  earth  in  place  and  keeping  it  from  washing  into  the  channel  aua  form- 
ing bars  below. 

It  is  ]>ositive  to  the  extent  of  maintaining  a  regular  and  well  defined  channel  and 
in  preventing  a  cut-ofi*,  which  might  unsettle  the  regimen  of  the  river  for  miles  below. 

The  (original  ])roject  has  been  set  forth  above.  No  important  changes  have  been 
made  in  tbe  general  plun. 

The  total  amount  expended  to  November  1,  1883,  was  ^268,269.64.  Doringthe 
eleven  months  ending  October  I,  1884,  there  have  been  expended  $163,403.33.  Dnr- 
ing  the  next  year,  ^100,000  can  be  prolitably  expeuc'ed  towards  carrying  out  the  orig- 
inal project.  With  this  it  is  proposed  to  revet  some  15,000  linear  feet  of  bank,  and  ta 
build  some  of  the  pile  dikes. 

My  experience  shows  mo  that  the  estimat-e  made  by  Major  Miller  in  November,  I88l» 
was  luuch  too  low,  and  I  have  estimate<l  my  revetment  work  at  |20  per  linear  Ibot^ 
and  dike  work  at  §8  per  linear  foot. 

The  advantages  and  benefits  to  be  expect-ed  from  this  expenditure  are  those  inel  -^ 
dent  to  the  con^pletion  of  the  general  project  for  the  reach,  viz:  Narrowing 
deepening  the  channel,  giving  its  banks  stability  and  protecting  the  valuable  pro] 
erty  along  th<*  Memphis  City  front. 

An  estimate  ft»r  the  entire  and  permanent  completion  of  the  work  of  improTi 
on  this  reach,  I  am  unable  to  give,  not  knowing  the  intentions  of  the  Coumiission 
to  the  ultimate^  extent  of  the  works. 

As  this  work  is  only  one  link  in  the  chain  of  general  improvement  of  the  river, 
amount  of  comnxTce  and  navigation  that  will  be  benefited  is  that  incident  to 
whoNi  riv(?r,  a  statement  of  which  has  already  appeared  in  a  previous  report  of  tfc^ 
Commission. 

The  present  estimated  value  of  the  plant,  tools,  and  outfit  on  hand  belonging  to  the 
reach  is  $118,(KX). 

LEVEES. 

The  funds  for  levee  construction  in  this  district  having  been  exhausted  at  the  date 
of  the  last  annual  report,  no  levee  work  has  been  done.  From  the  July  appropriation 
for  1884  the  Commission  allotted  $160,000  for  the  repair  and  preservation  of  levoetiq 
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the  Eecond,  third,  aud  fourth  districts,  this  to  be  divided  by  the  board  of  district 
officers.  The  division  was  made,  and  $20,000  conditionally  allotted  for  repairs  to 
levees  on  Ynzoo  Front,  second  district. 

The  conditions  of  its  allotment  having  by  September  10  not  been  fulfilled,  this 
money  reverted  to  the  Yazoo  Front,  third  district.  Since  then,  however,  the  local 
levee  authorities  of  the  Yazoo  Front,  second  district,  have  succeeded  in  negotiating 
their  bonds,  aud  contracts  have  been  made  for  the  expenditure  of  some  $500,000  in 
levee  work. 

The  C^omniission  also  allotted  ^15,000  for  the  repair  and  strengthening  of  the  Long 
Lake  Levee  in  Arkansas,  providing  the  levee  from  Helena  to  Long  Lake  shall  bo  re- 
paired and  raised  to  2  feet  above  the  high  water  of  1882  i)rior  to  November  1, 18ti4,  and, 
furthermore,  provided  that  the  district  officer  ux)on  examination  of  such  levee  shall 
find  its  condition  to  be  buch  as  to  require  such  repair  for  its  safety. 

A  personal  examination  by  the  district  officer  was  made  in  September  and  the  need 
of  its  repair  determined.  The  local  levee  authorities  have  made  a  contract  for  the 
work  from  Helena  to  Long  Lake,  to  be  done  by  October  31.  It  is  expected,  therefore, 
this  $15,000  will  be  expended  as  above. 

Respectfully  submitted. 

CuNTON  B.  Sears, 
Captain  of  Engineers,  U.  S,  A, 


United  States  Engineer  Office, 

Memphis f  Tenn.,  October  10, 1884. 

Capta^c:  I  have  the  honor  to  submit  a  report  of  the  improvement  of  Memphis 
Reach  and  Harbor  from  November  1,  1883,  to  October  1,  1884.  The  work  comprises 
the  protection  of  the  banks  in  Hopetield  Bend  and  in  Memphis  Harbor. 

HOPEFIELD  BEND. 

The  original  project  was  to  begin  at  Mound  City  Chute,  and  revet  the  bank  for  a 
distance  of  2  miles,  towards  Hopetield,  Ark.,  leaving  the  lower  portion  of  the  bend  un- 
protected so  as  to  allow  the  river  to  straighten  itself  by  cutting  away  the  point  at 
Hopetield,  which  would  decrease  the  pressure  now  exerted  against  the  Memphis  Front. 
The  revetment  to  consist  of  brush  mattress  work,  covered  with  stone,  extending  from 
the  bed  of  the  river  to  the  top  of  the  bank.  This  work  was  begun  in  December,  1882, 
•nd  up  to  November  1,  1883,  6,700  linear  feet  of  lower  bank  had  been  revetted,  and 
4,100  linear  feet  of  this  had  been  extended  to  or  near  the  top  of  the  bank.  At  the  close 
of  the  working  season  of  1882-'83  (January  4,  1883),  10,400  linear  feet  of  the  below- 
water  bank  had  been  revetted,  and  5,700  linear  feet  of  upper  bank  work  completed. 
The  deep-water  mattresses  wer^  140  feet  wide,  built  and  sunk  in  lengths  of  about  1,000 
feet.  The  upper  bank  revetment  consisted  of  two  layers  of  brush,  secured  with  poles 
and  wires,  and  were  covered  with  stone — this  was  to  be  placed  upon  a  slope  of  1  on  3, 
graded  by  the  hydraulic  process,  and  to  extend  to  the  top  of  the  bank,  but,  owing  to 
lack  of  sufficient  grading  power,  the  slope  was  in  most  places  greater,  and  not  ex- 
tended to  the  top  of  the  bnnk.  In  many  places  it  was  1  on  2  or  2|,  ending  against 
a  hanl  stratum  of  buckshot  earth,  6  to  10  feet  below  the  top  of  the  bank.  Two  grad- 
ing machines  were  used,  the  one  a  Dayton  cam  pump,  described  in  my  report  of  last  year, 
which  has  a  steam  cylinder  of  W^  inches  diameter,  water  cylinder  9  inches  diameter 
and  18inch  stroke,  discharging  325  gallons  per  minute  at  140  pounds  pressure,  and 
lenioving  about  60  cubic  yards  of  earth  per  hour.  The  other  was  a  pile-driver  pump 
(Knowles  duplex),  having  10  inch  steam  cylinders,  6-inch  water  plungers,  12-inch 
atroke,  discharging  about  200  gallons  per  minute  at  160  pounds  pressure.  As  the  pump 
worked  but  a  short  time  and  in  hard  material  the  quantity  cut  per  hour  was  only  16 
cubic  yards. 

During  the  low  water  of  1883  it  was  decided  to  build  the  deep-water  mattresses 
continuously,  but  the  river  began  rising  in  November,  piling  drift  against  the  mooring 
barge  aud  mat  to  siich  an  extent  that,  on  November  14, 1  was  obliged  to  sink  it,  after 
2,571  linear  feet  had  been  made. 

On  November  30  a  mat  1,057  by  140  feet  was  lost  while  attempting  to  sink.  Nine 
lines,  varying  in  diameter  from  i|  to  2  inches,  were  parted,  duo  to  the  great  strain 
brought  upon  them  by  drift  which  had  accumulated  in  considerable  quantity  above 
the  mtwring  barge  and  under  the  head  of  the  mattress.  Work,  however,  was  still 
continued  ;  more  and  larger  lines  were  placed  both  to  the  mooring  barge  and  to  the 
head  of  the  mattress. 

Two  mattresses  were  sunk  afior  this,  when  work  was  suspended  in  the  lower  por- 
tion of  the  bend,  an<l  the  ways  niovcl  to  nc.ir  Mound  City  Chute  to  repair  the  damage 
cauHed  by  a  large  cave,  which  occurred  on  December  12,  breaking  up  the  revetment 
placed  during  the  season  of  188^  and  1883,  for  a  length  of  aboat  500  feet,  aud  width 
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in  the  middle  of  175  feet.  The  large  deep-water  mattresa  broke  in  small  seclioDi  ami 
iras  carried  awa3'.  When  this  mattress  vas  sank  it  reached  practically  to  the  iiDot  of 
tue  slope. 

An  examination,  made  after  the  caving,  showed  that  the  depth  along  its  ontcr  edj^ 
hud  increased  from  40  to  75  or  80  feet.  This  increased  depth  was  undoubtedly  due  lo 
the  caving  away  of  the  bank  above,  where  no  revetment  had  been  done,  leaving 
the  revetted  point  projecting  in  the  river;  an  additional  cause  may  have  been  that  oqf 
tleet  of  boats  had  been  lying  for  some  time  at  this  place.  Several  smaller  cavtM  oc- 
cnrrod  in  thu  upper  bunk  later,  all  being  where  boats  were  lying  along  the  baokor 
above  mooring  barjxes  where  drift  had  accumulated.  After  the  boats  were  removed 
no  caving  oeeurrecl  along  this  portion  of  the  bank.  The  river  continuing  to  rise,  all 
work  was  8uspeu<led  on  January  23,  lritf4. 

At  thivS  date  there  wus  needed  to  complete  the  work  laid  out  for  the  seaaon  1,000 
linear  feet  of  deep-water  mattn'ss,  in  lower  portion  of  bend;  800  linear  feet  to  cover 
spuee  at  month  of  Monnd  City  Chute  and  the  banks  Just  below,  and  5,(X)0  linear  feet 
of  npi)er  bank  revetment  from  GO  to  75  feet  wide.  Over  one-half  of  the  work  done 
dnring  the  season  of  lH?^-'83  had  disappeared,  although  it  had  successfully  witbrtood 
tlio  high  water  of  l^Ki. 

An  examination,  made  after  tbe  subsidence  of  the  high  water  of  this  year,  abowe<l 
a  considerable  amount  of  caving  in  the  lower  part  of  the  bend,  commencing  at  tlie 
end  of  the  u])per  bank  revetment  and  extending  to  Hopefield,  where  thesitwof  ten 
buildings  wen?  washed  away.  Wherever  the  revetment  had  been  carried  toomenr 
the  top  of  the  bank  very  little  caving  had  taken  place,  only  a  few  niioor  breaki 
having  occurred  in  the  upper  revetment,  all  of  which  have  been  readily  repaired. 
Five  thousand  seven  hundred  linear  feet  of  revetment  withstood  the  high  water  of 
1884. 

Along  that  portion  of  the  bank  where  no  shore-work  was  placed,  the  bank  cavetl, 
the  widths  of  caving  varying  from  ^00  feet  near  the  middle  of  the  bend  to  70()  fwt 
near  Hopelield. 

This  destroyed  4,500  linear  feet  of  dee])-water  revetment ;  add  to  this  500  linearfret 
lost  in  Deeember  18,  lH8li,  the  total  is  5,000  linear  feet  of  revetment  lost  or  nearly  50 
l)er  ctMit.,  but  the  greater  j)ort ion  of  tbis  wus  incomplete  work,  not  being  extended 
above  the  low-wuter  line. 

The  fonelusion  drawn  is  that  if  the  revetment  had  l>cen  completed  it  would  bavo 
sueeessfuUy  stood  the  high  water  of  t  he  spring  of  1884.     The  project  forthuae*- 
son's  work'  is,  iirst,  to  repair  and  strengthen  the  revetment  that  held,  extending  tbe 
same  nearer  to  the  top  of  the  bank  where  praetieablo;  second,  to  replace  the  deeir- 
water  uuitt  reuses  in  the  lower  part  of  the  bend,  lost  last  season,  for  a  distance  of  5,0(M> 
linear  feet;  third,  ]>laee  a  mattress  aurossthe  mouth  of  Mound  City  Chute,  extendin^^ 
the  same  to  cover  the  break  helow^,  a  total  length  of  800  feet.    The  revetment  in  n*^ 
eases  to  be  extended  to  the  top  of  the  bank,  which  will  first  be  graded  to  a  slope  of   ^ 
on  'X  • 

Some  modifications  have  been  made  in  the  former  method  of  construction,  yis,  tb  ^ 
width  of  deep-water  mattresses  lias  been  increased  to  150  feet,  and  the  shore-edgei 
held  against  a  line  of  piling  driven  8  feet  apart,  and  on  a  line  about  5  feet  below lo^^ 
water;  this  will  increase  the  width  of  the  revetment  from  25  to  30  feet.  The  xnat^ 
tresses  are  being  made  thicker  and  stronger  by  weaving  brush  around  bnt  2  poles^ 
instead  of  under  and  over  for  the  whole  length  of  the  brush,  then  throwing  the  top^ 
on  the  mattress.  These  toi>s  are  se<:ured  by  a  binding  i>olo  well  wired  to  the  weav 
iug  poles,  and  transverse  ))oles  are  ]»Iaeed  over  the  tiinding  poles,  spaced 8  feet  apaH 

In  addition  5  one-half  ineh  iron  rods  and  2  live-eighth  inch  wirci  ropes  are  mc^ 
through  the  mats  huigitudinally,  and  one-half  inch  iron  nnls  or  wire  ropes  are  rui^ 
through  transvers«?ly  every  4(i  feet,  the  ends  of  the  latter  being  secured  to  piling  DC' 
to  the  shore;  all  rods  and  wire  ropes  are  well  secured  to  the  mattress  at  nnmeroa*  ' 
points  with  wires. 

The  eonstruetion  of  shore  work  is  about  tlui  same  as  last  year,  except  thatconsid^ 
erable  wire  rojie  is  used  and  a  juueh  greater  <iuantity  of  st^uie. 

The  shore  work  will  extend  outside  of  the  line  of  piling  and  lap  the  deep  wate*^ 
mattress  about  yo  feet;  it  will  be  <loul)!e  the  thiekness  of  the  latter.  Work  washes 
gun  on  August  14,  lHr4,  with  one  screen  barge  for  building  lixit-mats, one  pile-drivel 
and  one  grader-boat.  On  S<^ptejnher  1'2  iho  work  of  building  deep-water  mattreaa^^ 
was  begun  ;  good  ]»rogress  has  been  nuide,  and  it  in  expected  that  with  favorably 
conditions  of  the  river  the  projected  work  will  be  completed  by  Deceml»cr  1,  1884. 

The  work  d(U»e  for  the  eleven  months  ending  October  1,  1884,  is  as  follows: 

Deep-water  mattress  made: 

5,:):«)  bv  140  feet }  ,^  o 

1.-278  by  ir>Ofeet ^..squares..  », 

I)ee]>- water  mattress  sunk  : 

4,895  by  140  feet >  ,  g 

1,115  by  150  feet J   ....ao....  o, 
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DeeiJ-water  mattress  lost  in  sinking,  1,260  by  140  feet sqnares . .     1 ,  764 

Shore  ]>rutcction  completed do 4,466 

Earth  removed  by  hydraulic  grader cubic  yards . .  30, 451 

Earth  i  enioved  by  hand  grading do 3, 888 

Namber  of  piles  driven 338 

(See  annexed  tables  for  cost  of  work,  material  used,  &c.) 

MEMPHIS  HARBOR. 

The  project  for  the  protection  of  the  harbor  is  to  revet  the  banks  iu  a  manner  sim- 
ilar to  the  work  at  Hopefield  Bend,  commencing  at  about  1,000  feet  above  the  mouth 
of  Wolf  River,  and  extending  the  same  to  the  end  of  the  paved  levee  at  the  foot  of 
Beale  street. 

Owing  to  the  depth  of  water,  mattresses  wore  to  be  constructed  200  to  300  feet  wide, 
in  order  to  reach  the  foot  of  the  slope. 

During  the  high  water  of  last  spring  the  bank  caved  at  a  number  of  places  aloug 
the  city  front.  This  caving  continued  until  the  river  reached  its  lowest  stuge,  iu 
August,  1884. 

The  locations  are  as  follows :  From  the  mouth  of  Wolf  Kivor  to  foot  of  Market 
street,  a  distance  of  1,200  feet,  the  average  caving  is  85  feet,  being  140  feet  a  short 
distance  below  Wolf  River,  90  feet  at  middle  of  Memphis  Compress  Company's  shed, 
70  feet  at  foot  of  Winchester  street,  and  25  feet  at  foot  of  Market  street. 

A  portion  of  the  Compress  Company's  buildings  were  removed  or  caved  in  the  river, 
viz,  a  cotton  shetl  178  by  48  feet,  and  platform  245  by  50  feet. 

The  Panola  Oil  Mill  Company  lost  part  of  their  building,  viz,  franjo  portion  140  by  45 
feet,  and  brick  portion  containing  their  elevating  machiuery,  50  by  45  feet.  Between 
the  south  side  of  market  street  and  the  Memphis  Grain  and  Package  Company's  ele- 
vator no  caving  occurred.  At  the  lower  side  of  the  elevator  the  caving  was  300  feet 
long  by  3U  to  50  feet  back,  destroying  a  portion  of  the  building,  226  by  96  feet,  which 
contained  three  steam  legs  or  inclines  used  in  loading  and  unloading  steamboats,  and 
caused  the  company  to  discontinue  their  large  river  business. 

At  the  Hanoveroil  mills  a  i>iece  150  feet  long  by  25  feet  deep  caved;  this  ex- 
tended back  to  the  foundation  walls  of  the  mill,  tbreatening  to  undermine  them. 
For  their  protection  two  large  loads  of  stone,  containing  479  cubic  yards,  were  given 
by  the  Government  to  the  mill  company  and  placed  on  the  caving  bank  during  tbe  early 
part  of  June.     This  appears  to  have  arrested  the  caving. 

At  the  foot  of  Jeflersou  street  a  piece  of  tbe  paved  levee,  130  by  75  feet,  caved  in. 
This  was  a  top-bank  cave,  the  piling  below  not  being  disturbed,  and  was  probably 
caused  by  tbe  whirls  and  eddies  caused  by  a  sunken  barge  just  above. 

No  other  caving  took  place  along  the  levees  except  a  slight  settling  of  the  lower 
portiou  for  a  length  of  about  300  feet,  between  Jell'ersou  and  Court  streets.  Along 
the  high  blufl'  below  the  levee,  caving  took  place  at  a  number  of  places,  only  two, 
however,  being  of  any  extent.  The  first,  between  Linden  and  Pontotoc  streets,  was 
175  feet  long  by  i55  feet  back;  the  second,  south  of  Vance  street  to  the  De  Soto  oil 
mill,  was  375  feet  long  by  113  feet  back ;  this  carri'Ml  away  the  end  of  a  large  ice-hoiise 
and  a  corner  of  the  De  Soto  oil  mills. 

All  tbe  above  is  along  the  city's  water-front,  wb^re  valuable  business  properties  are 
located.  Work  was  begun  July  29,  by  ]»lacing  mooring-barges  iu  position  about  500 
feet  below  the  mouth  of  Wolf  River.     These  were  ma<le  from  two  coal  shells  and 

Idaced  end  to  end,  the  total  length  being  350  feet.  Two  mattress  ways,  each  KiO  feet 
one,  were  placed  end  to  end  below,  and  a  mat  of  tbe  usual  construction,  144  feet  wide, 
built  on  each;  the  space  between  of  12  feet  was  to  be  covered  with  brnsli  poles  and 
iron  tie-rods,  these  making  the  mattress  300  feet  wide.  After  building  this  289  feet 
hmg,  the  drift  had  accumulated  under  the  outer  barge  and  mattress  to  such  an  extent 
t  hat  the  Hrst  attempt  to  sink  wide  mats  was  abandoned  and  the  outer  mat  dropped 
below  the  inner. 

On  August  12,  the  construction  of  a  mattress  300  feet  wide  was  begun  ;  great  care 
was  taken  iu  its  construction  and  also  iu  mooring  it  to  the  shore. 

Two  tive-eighths  inch  iron  rods,  ten  one-half  inch  iron  rods,  and  three  five-eighths 
inch  wire  ropes  were  run  through  it  longitudinally.  It  was  held  to  the  mooring  barge 
by  1-iuch  and  l^-inch  slip  lines  at  every  16  feet  across  the  head.  Seven  shackle  lines 
from  1^  (o  2  inches  diami-ter  ran  from  the  head  to  the  shore,  whilst  the  mooring  barge 
was  hehl  in  place  by  nine  lines  of  from  1^  to  2|  inches  dicimeter,  all  the  lines  having 
long  leads.  In  addition  the  mattress  was  fastened  to  Hhorc  by  diagonal  lines  running 
across  it  at  about  every  100  feet  in  length. 

After  completing  ()90  linear  feet,  an  attempt  was  made  to  sink.  The  entire  mat  was 
well  ballasted  and  the  head  sunk  to  the  bottom,  when  it  broke  straight  across  a  short 
distance  below  the  middle.  The  lower  portion  swinging  around,  was  checked  and 
sunk  in  front  of  the  elevator.  Another  mattress  250  feet  wide  was  immediately  be- 
gun, additional  strength  being  added  in  the  shape  Of  iron  rods  and  cables;  this  also 
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broke  wbcu  bciug  sunk,  parting  tbc  iron  rods  and  wire  rope ;  aboat  half  of  it  was  re* 
cured  and  Kuuk  in  fiont  of  the  elevator.  Immediately  after  this  second  failnro  two  mat- 
tress W'uyK  were  started  to  build  mattresses  IGO  feet  wide,  the  intention  being  to  place 
wider  uiattrefsses  on  top  of  these  as  Koon  as  material  for  their  coustmction  could  be  ob- 
tained, the  fact  being  recognized  that  iu  this  deep  water  and  strong  current  uiat- 
tre88i»8  must  bo  confttructed  much  stronger  than  even  heretofore. 

It  is  ])ropo8ed  to  build  the  next  mattress  during  low  water,  to  make  it  500  feet  long 
and  'i5U  feet  wide,  to  bind  to  it  longitudinally  12  three-fonrths  inch  iron  chains,  H  tive- 
eightliR  inch  iron  chainn,  3  2ineh  uiauila  rox)es,  2  one-half  inch  sisal  rop^  ftn^  trans- 
A'crsely  every  40  feet  apait  to  place  across  the  mat  chains  of  one-half  inch  lion,  all 
the  iron  ehaiuH  to  be  made  iu  links  of  16  feet,  well  twisted  together.  Additional  and 
heavier  mooring  shackles  and  diagonal  lines  will  also  be  attached  to  the  mattreaa. 

On  the  liOth  September  the  bauK  was  revetted  with  mattresses  150  feet  wide,  from 
f)OU  feet  above  the  month  of  Wolf  River  to  150  feet  above  Jefferson  street,  a  length  of 
1^925  feet.  Tliis  revetment  is  doubled  for  a  length  of  1)60  feet  between  Winchester 
and  Exchange  streets,  while  iu  front  of  the  elevator  there  are  three  thicknesses  of 
uiattreKses. 

The  work  done  for  the  eleven  months  September  30,  1884,  is  as  follows : 

Deep-water  mattress  made : 

761  bv  144  feet ^ 

090by300feet I  ^  gofi 

479  by  250  feet >.. squares..  9,5»6 

3,442  by  150  feet J 

Deep-water  mattress  sunk : 

761  bv  144  feet 

365  by  300  feet 

300  by  100  feet >....do  ....  7,828 

240  by  250  feet 

3,158  by  150  feet 

Deep-water  mattresses  lost  in  sinking : 

225  by  300  feet I         a^  i  oto 

239  by  250  feet ^ --..ao !,«;« 

Karth  removed  by  hydraulic  grader cubic  yards..  2,870 

Earth  lemovcd  by  hand  grading do 3,G20 

.Shore  ]>rotcction  completed .squares..      799 

Number  piles  driven 10 

(See  aunexed  tables  for  cost  of  work,  materials  nsed.  &c,) 

PlJiNT. 

The  following  is  a  list  of  the  plant  on  the  reach  :  1  tow-boat,  5  qnarter-boats, 4 mat- 
tress-boats (2  belonging  to  l^ako  Providence  reach),  4  screen-boats,  1  machine-shop 
boat,  1  hydraulic  grader,  4  mooring  barges,  22  decked  bai'gcs, 9  pile-drivers,  Ibakeiy- 
boat,  2  coiil-shells,  and  5  suinll  tlat-b(»ats. 

Estiu>ited  value,  exeliiHiveof  two  Lake  Providence  matti ess-boats, $118,000. 

All  the  above  is  in  si'rvieeable  condition.  Upper  cabins  were  added  to  two  of  the 
<|uarter-boatH,  thus  nearly  doubling  tluur  capacity.  I  have  now  accommodations  for 
500  laborers. 

Our  hydraulic  grader  wasfound  too  light  toearry  heavy  pressure,  so  two  pile  driver 
pumps  were  jdaced  on  one  driver  and  connected.  The  old  grader  delivers  tiie  water 
to  this  pair  of  pumps  at  a  pressure  of  100  pounds.  The  result  is  that  the  work  done  is 
nearly  double  what  both  machines  would  do  singly  at  140  pounds'  pressure. 

linprovenieuts  were  made  to  mattress-boats  by  placing  platforms  on  each  end,  thas 
increuMing  the  length  by  12  feet  and  adding  two  more  runs,  so  that  mattresses  are  now 
built  150  feet  wide  instead  of  140  as  heretofore. 

T\Vo  mooring  l)arges  were  built  from  coal  shells  and  two  from  coal  barges.  All  are 
well  strengthened  with  iron  tie-rods  and  well  supported  with  bitt8,kevels,  chocks,  Ac. 

A  bakery-boat  was  iitted  up  with  two  large,  wrought-iron  ranges.  Two  small  baiges 
were  built  for  distributing  supplies;  a  tug  was  chartered  by  the  day  to  do  the  work 
on  the  reach.  The  steam  launch  Daphne  exploded  her  boiler  on  August  31,  kiUiDg 
three  men. 

SURVEYS. 

A  survey  party  was  organized  iu  June,  and  triangulated  the  reach  from  Island  No. 
40  to  the  head  of  Viee-President's  iHland.  The  bank  and  bar  lines  have  been  located 
and  compared  with  surveys  of  foruier  years.  Forty-six  ranges  were  established  and 
sounded.  Soundings  were  repeated  every  ten  days  on  ranges  where  revetment  had 
been  pliiced,  to  determine  if  possible  if  any  changes  took  place  in  depth  of  channel  dne 
to  revetment: 

These  soundings  were  alHO  compared  with  those  taken  iu  1882  and  1883.  From  the 
data  collected  it  is  impossible  to  determine  whether  or  not  the  channel  deepens  along 
the  revetted  bank. 
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"the  banks  have  oaved  at  a  namber  of  places.  Above  the  moatli  of  Wolf  RWer,  tbe 
cuviDff  B-vtBiiiled  2,700  feat  as  follows;  (1)  1,000  feet,  BOfeet  back;  (2)  1,000  foet,  100 
fret  back  |  above,  30  feet  bocb ;  area  covered,  4J  acres.  ' 

Just  below  mouth  of  Wolf  EiTer,  bank  has  caved  bOO  feet  siuce  1867,  250  feet  since 
](fn,  40  feet  during  post  year.  'Area  covered  between  moath  of  river  anil  foot  of 
Morket  street,  2i  acres. 

The  length  of  the  caving  on  Hopofield  Bend  was  B,750  feet ;  aTerage  width,  400  feet ; 
area  about  80  acres. 

Above  Mound  CitjCbute  tbe  length  caved  isS.SOO  feet;  width  aveTageSO  feet:  area, 
4  acres.  Very  little  eavine  occurred  above  Old  Hen  iBland,  although  lor  several  years 
back  there  was  considerable  there. 

Tbe  sand-bar  opposite  Memphis  has  increased  in  size,  narrowing  the  river  very  much 
duriug  low  stage.  Comparing  tbe  surveys  of  1882  and  1664,  both  taken  at  tbe  11.4 
etago,  >be  encroachment  of  the  bar  towards  Memphis  side,  is  750  feet.  Tbe  width  of 
river  at  foot  of  Jefferson  street  at  11.4  stage -was  1,650  feet  in  1883,  aod  1,300  feet  in 
188-1. 

The  bar  opposite  Hopefield  Bend  moved  down  3,000  feet  since  October  1883,  (he 
width  of  river  at  11.4  stage  being  1,590  feet. 

Totvl  rerelaent  conpleltd yorember  I,  1883,  to  SepfemiCT- 30,  1884, 

HopefieldBend 12,991 

Memphis  Harbor 8,627 


Total,. 


.  21,  e 


Cost  of  abort  {not  ineladittg  plant  and  iqulpattit). 

Survey $2,030  06 

Oeuerul  service,  coaling  steamers 502  28 

Geuera]  espeoM!,oEBce  and  fleet 19,306  US 

Tow-boat  service 15,415  61 

CoDSlruction  and  repairs  to  plant  aud  machinery 14,623  27 

Reveimunt : 

Hopetield  Bend 56,198  10 

Memphis  Harbor 39,094  12 


Costof  revetmeutpersiiuoreof  lOOfeet 6  80 

Cost  of  revetment  per  linear  feet  of  bank  for  mattress  150  feet  wide  and 
shore  work  lOOfeet,  on  slope  of  1  on  3  (npproximato) 17  00 
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Table  4. — Conatruotion  of  mattresses,  Hopefield  Bet^^, 


Ifor. 


Dec 


1-10 
11-20 
21-30 

1-10 
11-20 
21-31 


Jmi.    1-10. 

Sept  11-20. 

21-30. 


Mftttresaes  made. 


Date. 


1883. 


1884. 


Total  sqnarea 


Size. 


Feet. 
837  by  140 
1. 100  by  140 
1,057  by  140 
802  by  140 
802  by  140 
700  by  140 


181  by  140 
770  by  160 
606  by  150 

8,e7L8 


Iffattieeees  sunk. 


Date. 
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20 
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Dec 
Dec  24 
Dec  27 
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Sept  27 
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Appendix  H. 

KBPORT    OF  CAPTAIN   CLINTON    B.    SKARS,   CORPS  OF  ENOINREKS,    UPON  OPERATIONS 

IN  THE  THIRD  DISTRICT. 

(Oupt.  W.  L.  Marshall,  Corps  of  Engineers,  U.  S.  A.,  in  charge  to  April  21, 1884 ;  Capt. 
C.  B.  Sears,  Corps  ol"  Engineers,  U.  S.  A.,  in  charge  since  April  21,  1^^.) 

I.— Lake  Providence  Reach. 

The  extent  of  this  reach,  its  physical  characteristics,  and  the  general  project  for 
its  improvement,  were  fully  sot  forth  in  the  last  annual  report  of  Capt.  W.  L.  Mar- 
shall, Corps  of  Engineers,  and  published  in  the  Commission's  Report  for  18H3.  The 
work  of  the  year  has  been  a  continuation  of  the  work  previously  started,  and  has 
been  carried  on  by  similar  means  and  with  the  organization  then  oDtainiug. 

(1.)  DuHcanaby  to  Stack  Island, 

Assistant  Engineer  Arthur  Hider,  in  immediate  local  charge,  assisted  by  Aasintant 
Engineer  Childs,  in  charge  of  mattress  and  reyetmeut  work;  Assistant  Engineers 
Ruple  and  Tollinger,  in  charge  of  dike  work  ;  and  Assistant  Engineer  Thompson,  in 
charge  of  suiveys  and  observatiout*. 

DUNCAN8BY  SYSTEM. 

The  additional  dike  on  Kang<>  'M\  under  way  at  last  report,  has  been  finished,  and 
some  re))airs  have  been  made  in  the  main  dike  near  the  head,  joining  the  outer  ends 
of  Cross-dikes  (5  and  7,  and  gaps  in  these  cross-dikes  have  been  closed. 

The  <.-hannel  continues  to  encroach  upon  the  dikes  at  the  upper  end,  and  will  prob- 
ably continue  to  do  so  until  the  revetment  of  Pilcher's  Point  Bend  shall  have  been 
completed.  Xo  further  work  is  reeonimeiuled  here,  except  such  repairs  as  circnni- 
stances  may  diitate  from  time  to  time,  to  avert  the  river  going  down  through  8kip- 
wilh  Chute,  should  such  danger  threaten. 

MAYERSVILLE  SY'STEM. 

Cottonwood  dikes. — This  is  new  work,  and  has  been  constructed  during  the  past  sea- 
son. It  is  siiown  on  the  progress  sketch.  Its  object  is  to  contract  the  clianuel  way, 
regularize  the  cliaiiud,  and  hohl  it  in  the  bend  of  Maversville  Island  (No.  93). 

A  new  feature  in  these  dikes  is  a  parallel  interior  longitudinal  dike  in  addition  to 
the  usual  cross-dikes.  Their  construction  has  resulted  in  a  considerable  fill  below  and 
behind  them,  thus  building  up  tlie  bar  and  keejung  the  channel  on  the  other  side. 
The  whole  of  the  work  is  in  good  condition,  and  is  the  most  C/Ompact  and  symmetrical 
piece  t>f  dike  work  on  the  reach. 

DIKES  IN'  MAYER8VILLE  CHUTE. 

The  object  of  the  work  here  is  to  close  the  chute  behind  Mayersvillo  Island  (No.  93). 
The  five-row  cross-dike  finished  last  fall  stood  through  the  Hood  of  1884  until  April 
21,  when  a  gap  some  1:25  feet  in  widtii  to(»k  place.     This  gap  has  since  1)ecn  closed. 

The  channel  is  encroaching  on  the  head  of  these  dikes,  and  has  carried  away  all  but 
(KK)  I'eet  of  the  longitudinal  dike.  This  will  result  in  no  material  injuries  to  the  sys- 
tem if  the  chute  can  be  cIos>>d  and  t  he  head  of  the  island  held.  It  is  proposed  to  brinff 
this  about  by  more  cross-dikes  below  the  present  one,  and  by  extra  niattrcssiiig  round 
the  head  of  the  island. 

KEVKTMENT  OF   .MAYERSVILLE   ISLAND. 

The  work  lien^  has  consisted  in  the  repair,  <»xtension,  and  strengthening  of  the  work 
of  last  year.     TIi<^  island  is  all  sand,  and  the  current  along  its  front  is  strong. 

Most  of  the  n-vetment  has  stood  reasonably  well,  considering  these  facts.  Whether 
the  head  of  tlie  island  will  hold  against  the.  encroachments  of  the  main  channel  is 
)>roblematicaI.  li  it  does  it  will  be  a  satisfact<iry  test  of  the  efiicaoy  of  this  mode  of 
revetment,  though  at  best  it  will  always  need  watching  and  immediate  and  fi'equent 
repairs.  In  this  connecti(»n  attention*  is  called  to  Assistant  Engineer  Childs's  suh- 
report,  marked  Aj)pendix  11  3. 

BALKSIIEI)  SYSTEM. 

The  laying  of  f  )ot-niat«  at  the  head  (»f  the  system  was  finished  last  winter  before 
high  water. 

During  the  season  just  jjast  a  high-water  dike  has  been  built  in  rear  of  the  main 
(low-water)  dike  from  Cross-dike  1  to  4,  and  exteiuled  down  outside  of  main  dike  to 
Cross-dike  (J. 

A  cross-dike  from  the  Mississippi  shon>  to  the  main  dike  at  a  point  about  2,000  feet 
abovt^  Stack  Island  has  been  built,  and  the  main  dike  from  thisi)oint  tot  ho  island  hi^ 
been  re-enforced  by  an  interior  longitudinal  dike. 
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• 

Id  addition  some  repairs  have  been  made  in  Cross-dikes  3  aud  4  and  the  main  dike 
between  Cross-dikes  5  and  6  has  been  strengthened  by  sinking  condemned  barges  in 
front. 

The  Baleshed  system  shuts  ofif  a  lone,  continuous  line  of  chute.  The  head  of  the 
system  is  now  essentially  dry  at  half  stage.  The  first  depression  occurs  at  Cross- 
dike  So.  5.  From  here  to  the  foot  of  Stack  Island  is  4^  miles,  representing  a  fall 
of  about  16  inches;  that  is,  were  the  pool  behind  the  dike  at  No.  5  at  the  same  level 
as  at  the  foot  of  Stack  Island,  the  water  pushing  through  the  dike  would  have  a 
stniight  dro])  of  16  inches. 

The  steep  slope  of  the  water  surface  gives  high  velocity,  aud  this  has  caused  trouble 
at  this  poiut.  It  is  proposed  to  break  up  this  fall  by  two  or  more  cross-dikes,  thus 
making  a  series  of  pools.  For  further  details,  see  reports  of  Assistant  Engineers 
Hider,  Chi  Ids,  Ruple,  Tollinger,  Thompson,  and  Steubing,  herewith,  marked  Appen- 
dices H,^3,  H4,  H5,  H6,  H8. 

(2.)  pucker's  Point  (Louisiana)  Bend. 

Assistant  Engineer  J.  £.  Turtle  in  locxJ  charge,  assisted  by  Assistant  Engineer  H. 
Steubing. 

The  work  of  upper  and  lower  bank  revetment  in  this  bend  has  been  pushed  rapidly 
since  the  fall  of  the  water,  and  there  is  every  prospect  of  finishing  the  greater  portion 
before  the  next  rise.  The  lower  bank  revetment  at  the  upper  end,  put  iu  last  Novem- 
ber aud  December,  was  found  to  be  in  good  shape  this  season,  and  no  caving  took 
place. 

The  part  revetted  at  the  middle  of  the  bend,  as  might  be  expected,  was  flanked  from 
above  and  caving  took  place  behind  it.  As  far  as  can  be  ascertained  by  a  diver,  this 
revetment  is  intact  and  lying  on  the  bottom  of  the  river  in  the  same  vertical  prism 
of  projection  as  first  placed.  It  has  simply  assumed  a  horizoutal  position.  Efl'orts 
■will  be  made  to  lap  on  to  this  with  the  new  work.  It  is  a  reasonable  supposition  that 
bad  tins  mat  been  protected  at  the  upper  end,  and  the  upper  bank  been  revetted,  the 
caving  would  not  have  occurred. 

For  further  details  of  this  work,  see  the  report  of  Assistant  Engineer  Turtle  here- 
-with,  marked  Appendix  H  2.  The  map  herewith,  marked  Appendix  H,  Plate  VII, 
-will  show  the  progress  of  the  work. 

FINANCIAL  STATEMENT. 

Lake  Providence  Eeach, 

Balance  available  November  1,  1883 $156,327  93 

Additional  allotment  from  unallotted  reserve 67,200  00 

Amount  transferred  from  Vicksburg  Harbor  allotment 42,295  00 

Amount  allotted  Irom  appropriation  of  January  19,  1884 400, 000  00 

Amount  allotted  from  appropriation  of  July  5,  1884 300, 000  00 

965, 822  93 

^ 

Expended  from  November  1,  1883,  to  September  30,  1884 : 

Services 223,366  21 

Material  and  supplies 213,807  18 

Subsihtence 50,430  20 

Plant,  tools,  and  repairs  of  same 65,269  00 

(charter  of  steamers,  barges,  &c 9, 305  00 

Fuel 28,623  80 

Miscellaneous 25,223  88 

General  service 18,711  41 

Total  expended 634,736  68 

Ti^ansferred  to  levees,  Yazoo  and  Tensas  fronts,  $10,000  each 20, 000  00 

Transferred  to  levees,  fourth  district 27,000  00 

Trannferred  to  general  service 10,000  00 

Amount  paid  R.  Moore  on  account  of  dredging  in  Vicksburg  Harbor 10,593  58 

702, 330  26 

Balance  available  October  1,  1884 263,492  67 

Balance  in  Treasury 200,000  00 

Balance  in  hands  of  Captain  Sears 63, 492  67 

263,492  67 
llo  ENG 
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(S.)  Summary. 

The  original  condition  of  the  channel- way  along  the  Lake  Providence  Reach  wu 
Dad.  the  chaiinol  being  flat,  badly  defined,  and  ofton  with  only  5  feet  of  wat«r. 

The  original  project  for  improvement  was  the  narrowing  of  the  waterway  to  3,000  feet 
by  closing  the  chntes  and  creating  artificial  banks  through  dcpoBition,  and  the  pres- 
ervation of  the  natural  curves  of  the  river  by  revetting  the  caving  banka. 

No  important  amendments,  alterations,  or  additions  have  been  made  in  the  general 
]>lan.  Some  details  of  construction  have  been  changed  from  time  to  time  as  experi- 
ence dt>munded. 

The  total  amount  ox]>cnded  to  November  1,  1883,  was  $1,228,916.47.  At  that  date 
the  availability  for  tlu^.  purposes  of  navigation  and  commerce  of  the  channel  had  been 
greatly  improved,  there  being  throughout  the  reach  a  depth  not  loss  than  12  feet, 
with  ji  fair  navigable  width. 

During  the  eleven  months  from  November  1,  1883,  to  October  1,  1884,  there  have 
been  expended  $():{4,7;$6.()d,  and  the  channel- way  has  shown  a  betterment  in  the  reen- 
larity  of  outline,  in  width  and  depth,  there  having  been  no  water  less  than  15  feet 
along  the  channel-way,  though  less  depths  have  been  reported  by  comnercial  steam- 
ers; they  were,  however,  not  in  the  deepest  portion  of  the  channel,  either  throngh 
accident  or  by  reason  of  there  being  sufficient  wat-er  for  the  boats  on  the  lino  trav- 
ersed, hence  no  need  to  follow  the  line  of  deepest  water. 

There  has  been  throughout  the  low-water  season,  to  date,  a  deeper  channel  by  from 
6  to  7  feet  than  has  obtained  on  the  river  for  40  miles  above  tne  Lake  Providence 
Reach. 

The  works  generally  have  stood  the  last  flood  very  fairly,  the  damages  th^t  have 
occurred  having  been  due  to  local  causes. 

No  extended  caving  has  occurred  as  yet  where  the  bank  revetment  has  been  com- 
pleted in  good  shape. 

During  the  year  ending  October  1,  1885,  $400,000  can  be  profitably  expended  to- 
wards carrying  out  the  project  for  the  improvement  of  this  reach.  Witn  this  it  is 
proposed  to  revet  some  :;^,500  linear  feet  of  bank,  at  four  places,  viz : 


Miss.  R.  30toR.  34 7,i 

Miss.  R.  44itoR.4y 9.00C^ 

La.  R.  72  to  R.  74 1 3,50^^ 

La.  R.  86toR.  89 6,i 


Total 25,1 

To  build  in  Mayersville  and  Baleshed  chutes  3,000  linear  feet  of  dike,  to  wattl 
dikes  already  c<mHtruct-ed,  to  repair  existing  dikes  and  revetment,  to  repair  plan 
and  to  pay  for  transportation,  administration,  and  surveys. 

The  a^lvantages  and  benelits  to  be  expected  therefrom  are  the  continnation  of  t] 
])roject  adopted  by  the  Comnnssion,  and  the  maintenance  of  the  present  good  loi 
water  channel. 

An  estimate  for  the  entire  and  permanent  completion  of  the  work  of  improvemc 
<m  this  rea<}h  I  am  unable  to  give,  not  knowing  the  intentions  of  the  Commission 
to  the  ultimate  extent  of  the  work. 

As  this  work  is  only  tme  link  in  the  chain  of  genenil  improvement  of  the  riYer,t' 
amount  of  commerce  and  navigation  that  will  be  benefited  is  that  incident  to  t-~ 
whole  river,  a  statement  of  which  has  already  appeare<l  in  the  previous  reports         c 
the  ConnnisHion. 

The  present  CHtimated  value  of  the  plant,  tools,  and  outfit  on  liand,  belonging        tc 
the  reach,  is  $300,000. 

II. — ViCKSBURQ  Harbor. 

(Assistant  Engineer  H.  St.  L.  Copp<Se,  in  local  charge.) 

The  work  hero  consists  of  the  improvement  of  the  Iiarbor  proper  and  the  maiis^ 
nance  of  Delta  Point,  in  Louisiana,  opposite  Vicksburg. 

The  former  \h  entirely  local  in  character,  and  would  add  nothing  to  the  general  io- 
provcMuent.  of  the  riv«»r. 

No  funds  were  allotted  fi-om  the  last  two  appropriations,  and  no  work  has  been  dons 
exce])t  a  survey  in  June,  1884.  This  showed  a  tendency  of  the  channel  above  U» 
town  of  Vicksburg  to  cut  into  the  bar  across  the  moalii  of  Centennial  Lake,  and  tint 
the  basin  partly  dredged  in  1863  has  remained  practically  unchanged. 
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DELTA  rOINTy  LOUISIANA. 

The  holding  of  this  point  is  deemed  essential  to  prevent  further  recession  of  the 
riyer  from  Vickshare  and  to  nraintain  the  regimen  of  the  river  immediately  helow. 
The  point  has  been  held  by  brush  and  stone  revetment  against  a  fierce  current  for  two 
yearSy  but  at  great  expense  for  repairs  and  enlargement.  There  is  no  reason  to  sup- 
pose that  extensive  repairs  will  not  be  necessary  annually  unless  the  river,  due  to 
ohanffee  in  the  curvature  above,  changes  over  so  as  to  leave  this  point  in  slackwater. 

In  January  last  an  attempt  was  made  to  repair  the  revetment,  but  work  was  stopped 
by  a  rapidly  rising  river  before  much  had  been  done. 

Early  in  August,  with  plant  borrowed  from  the  Lake  Providence  Reach,  work  was 
resumed  and  pushed  as  vigorously  as  the  climate  and  class  of  labor  available  would 
permit.  It  consisted  of  extensive  repairs  to  the  upper  and  lower  bank  revetment  at 
the  upper  end,  and  of  a  continuation  of  the  same  at  the  lower  end.  It  was  finished 
October  10,  1884,  and  the  plant  returned  to  the  Lake  Providence  Reach.  For  further 
details  attention  is  called  to  the  report  of  Assistant  Engineer  Coppee,  herewith,  and 
two  drawings,  marked  Appendix  U  9,  PlatCA  X,  XI,  respectively. 

The  total  exnenditureon  Vicksburg  Harbor  under  the  Commission,  to  date,  has  been 
$147,754.44,  and  of  this  about  $100,000  has  been  expended  on  Delta  Point.  Previous 
to  the  Commission  taking  charge,  $203,229.87  had  been  expended  on  Delta  Point. 

If  the  revetment  holds  all  right  during  the  coming  year  no  mobey  will  be  needed 
for  this  improvement,  but  as  it  is  probable  that  weak  places  will  develop,  it  is  thought 
thai  it  will  be  advisable  to  have  $10,000  available  for  possible  repairs. 

FINANCIAL  STATEMENT. 

Vickaburg  Harbor, 

Balance  available  November  1,  1883 $55,477  60 

Balance  available  from  Delta  Point  allotment 7  64 

Amount  allotted  from  appropriations  of  July  .5,  1884 25,000  00 

Total 80.485  24 

Expended  from  November  1,  1883,  to  September  30, 1884 : 

Services $12,746  47 

Material  and  supplies 5,770  18 

Subsistence 2,439  10 

Plant,  tools,  and  repairs  of  same 299  38 

Charter  of  steamers,  barges,  &o 645  19 

Fuel 829  10 

Dredging  (retained  percentage) 4,235  41 

Miscellaneous 504  72 

Total  expended 27,469  55 

Transferred  to  Lake  Providence  Reach  allotment 42, 295  00 

69,764  55 

Balance  available  October  1,  1884 10,720  69 

Balance  in  hands  of  Captain  Sears 10,720  69 

The  unfinished  contracts  for  levees  on  Yazoo  Front  were  completed  in  December, 
1883.  During  the  last  flood  none  of  the  levees  on  this  front  built  or  repaired  by  the 
United  States  gave  way,  but  they  were  damaged  by  wave-wash  to  the  amount  of 
$40,000  and  were  only  held  by  the  energetic  exertions  of  Captain  Marshall,  aided  by 
the  local  iohabitauts.  About  $11,000  were  expended  in  protecting  them  with  planks 
and  sand-bags,  and  in  raising  them  in  the  face  of  the  flood.  About  23,000  sacks  and 
10,000  feet  of  lumber  were  used. 

The  same  exertions  on  the  Tensas  Front  saved  many  miles  of  levee,  but  were  not 
8o  entirely  successful  in  averting  breaks.  A  number  of  breaks  took  place  from  Delta 
to  Bedford,  one  break  at  Raleigh,  and  considerable  damage  from  wave  wash.  The 
amount  expended  for  protection  on  this  front  was  about  $18,000.  Over  47,000  sacks 
and  23,100  feet  of  lumber  were  used. 

The  Commission  at  its  last  meeting  made  an  allotment  of  $160,000  for  the  general 
repair  of  United  States  levees  in  tbe  second,  third,  and  fourth  district*,  to  be  divided 
by  the  United  States  Board  of  District  Officers.  Besides  this,  it  allotted  $25,000  for 
the  levee  from  Arkansas  City, to  Amos  Bayou,  provided  sufficient  means  should  be 
guaranteed  by  the  local  authorities  to  complete  this  levee.  Up  to  date  this  guarantee 
has  not  been  given. 
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The  United  States  Board  of  District  Officers  allotted  of  the  $160,000,  $90,000  to  the 
Tensas  Front,  fourth  district,  $50,000  to  the  Tensas  Front,  third  district,  and  $20,iXK) 
to  the  repair  of  levees  on  the  Yazoo  Front,  second  district,  providing  the  local  levee 
hoard,  on  or  hefore  September  10,  guaranteed  to  expend  $500,000;  in  default  of  this, 
the  $20,000  was  to  go  to  the  repair  of  levees  on  the  Yazocr  Front,  thinl  district. 

This  guarantee  not  having  been  given  by  September  10,  this  sum  n- verted  as  indi- 
cated, and  steps  were  taken  in  the  latter  part  of  September  to  provide  for  its  expendi- 
ture. 

September  5,  advertisements  for  repairing  gaps  at  Raleigh  and  Delta,  La.,  were  pub- 
lished. The  bids  were  opened  September  15,  and  the  contract  for  both  pieces  was 
awarded  to  George  Arnold,  the  lowest  of  hfteen  bidders,  at  17f  cents  jier  cubic  yard 
for  the  Raleigh  work,  and  18i-  cents  per  cubic  yard  for  the  Delta  work.  Work  was 
beg^n  immediately  and  is  now  ^ogressing. 

FINANCIAL  STATEMENT. 

Lectes — Taeoo  Front. 

Balance  available  November  1,  1883 $20, 213  68 

Transferred  from  allotment  for  protection  of  cut-off  at  Tarpley's  Neck 3, 000  00 

Transferred  from  Lake  Providence  Reach 10,000  00 

Allotted  appropriation  of  July  5, 1884 SO,  000  00 

Total 53,213  68 

Expended  from  November  1,  1883,  to  September  30,  1884  : 

Services $3,278  53 

Labor  and  material,  protection  of  levees 12, 199  75 

Subsistence 41  84 

'  Plant,  tools,  (tc 17  00 

Contractors,  estimates 13, 633  21 

Miscellaneous 449  10 

29,619  43 

Balance  available  October  1,  1884 23,694  25 

In  Treasury 20,000  00 

In  hands  of  Captain  Sears 3,594  25 

Total 23,594  25 

Lev€ee8-^Ten$a8  Front 

Balance  available  November  1, 1883 $57,683  51 

Amount  allotted,  appropriation  of  January  19,  1884 10, 000  00 

Amount  transferred  fix>m  Lake  Providence  Reach  allotment 10»  000  00 

Amount  allotted,  appropriation  of  July  5,  1884 50, 000  00 

Amount  deposited  by  Captain  Marshall  on  account  of  error  in  his  accounts.  1  50 

Total....: 127,685  01 

Expended  from  November  1, 1883,  to  September  20, 1884: 

Services $5,383  42 

Labor  and  material,  protection  of  levees 16, 935  35 

Subsistence 161  50 

Plant,  tools,  &c 74  60 

Contractor,  estimates 47, 358  47 

Miscellaneous 585  20 

70,498  54 

Balance  available  October  1, 1884 57,186  47 

In  Treasury 50,000  00 

In  hands  of  Captain  Sears 7,186  47 

Total 57,186  47 

The  following  drawings  accompany  this  report : 

LAKK  PROVIDENCK   REACH. 

One  map  showing  velocity  and  discharge-section  curves,  marked  Appendix  H^ 
Plate  III. 
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One  tracing  showing  changes  in  discharge  section,  marked  Appendix  H,- Plate  IV. 

Threo  traciucs,  Plates  VII,  VIII,  IX,  showing  condition  of  woiks  October  1,  1884, 
marked  Appendix  H. 

One  traciug  of  comparative  sections,  Pilcher's  Point,  marked  Appendix  H,  Plate  VI. 

One  tracing  of  comparative  sections  in  chutes,  marked  Appendix  H,  Plate  V. 

One  tracing  July  quarterly  survey,  goioo  scale,  marked  Appendix  H,  Plate  I. 

One  map  discharge  cnrves,  area,  velocity,  and  discharge,  marked  Appendix  H, 
*i»te  II. 

VICKSBURG  HARBOR. 

One  tracing  showing  Vicksbnrg  Harbor  and  Delta  Point,  marked  Appendix  H, 
late  X. 
One  tracing  showing  details  of  work  at  Delta  Point,  mark  ed  Appendix  H,  Plate  XI. 

Respectfully  submitted. 

Clintox  B.  Sears, 
Captain  Engineers,  U,  S.  A, 


HL 

report  of   ARTHUR   HIBER,  ASSISTANT   ENGINEER,   UPON   OPERATIONS  LAKE  PROVI- 
DENCE CONSTRUCTION  PARTY. 

Wilson's  Point,  La.,  October  1,  1884. 

Sir  :  The  following  report  of  the  operations  of  the  I^ake  Providence  construction 
►arty,  from  November  1,  1883,  to  October  1, 1884  (eleven  months),  is  respectfully  sub- 
aitted: 

The  portion  of  the  river  known  as  the  Liike  Providence  Reach  extends  from  Car- 
Una  to  Hays*  Landing,  Miss.,  a  distance  of  about  35  miles.  The  crossing  on  the 
>wer  portion  of  the  reach,  between  Island  93  and  Island  95,  have  heretofore  been 
roublesome,  on  account  of  shallow  water,  during  the  low  stages  of  the  river;  in  fact, 
his  part  of  the  reach  of  late  years  has  been  considered,  at  low  water,  the  shoalest 
art  of  the  river  between  Pluin  Point  and  New  Orleans. 

The  depths  on  some  of  the  crossings,  in  former  years,  have  been  not  more  than  5 
aet,  with  a  very  narrow  channel,  rendering  navigation  for  boats  of  large  size  im- 
racticablo  duriug  the  low-water  period. 

The  original  project  for  the  improvement  was,  the  contraction  of  the  river  at  ex- 
eceively  wide  places,  the  revetting  of  caving  banks,  and  closing  the  island  chutes. 

The  work  now  in  progress  and  that  which  has  been  completed  has  been  revetting 
he  Louisiana  Bend  and  the  front  of  Mayersville  Island  with  mattresses  ;  closing  the 
)ancansby,  Mayeisville,  Baleshed.  and  Stack  Island  chutes  by  a  system  of  pile 
likes;  and  the  construction  of  a  system  of  dikes  on  Cottonwood  Bar,  to  contract  the 
vidth  of  the  river  at  that  point. 

The  eft'ect  of  the  work  that  has  been  finished  is  shown  in  an  increased  depth  of 
rater  on  all  crossings  which  were  heretofore  shoal  during  the  low  stages  of  the  river. 

The  least  depth  ot  water  found  at  any  point  in  a  channel  1,000  feet  wide,  from  Elton 
o  Stack  Island,  was,  Auj^ust  30,  10  feet;  this  increased  to  14  feet  September  9,  and 
September  30  the  depth  was  15  feet.  Below  is  given  the  least  depths  found  in  a  chan- 
lel  1,000  feet  wide,  ou  the  Stack  Island  Crossing ;  also  the  least  depths  on  the  crossing 
rom  Ben  Lomond  to  A  Wiley,  with  dates  au<l  gauge-readings  at  Lake  Providence. 
There  has  been  at  all  times  a  channel  for  steamboats  ou  the  Stack  Island  Crossing  as 
isually  run  by  them  of  at  least  15  feet  in  depth.  The  depths  as  given  in  the  table 
ire  the  least  depths  found  in  a  channel  1,000  feet  wide  on  the  crossing. 

Shallow  Crossings,  Lake  Providence  Reach, 


Date. 


Lake  Provi- 
dence gauge- 
reading. 


1884. 

^n^flt  9 

V.ugiis»t  19 

lngTiflt30 

epteml)«r  9. 

epteinWr  19 

epteraber30 


Stack  Island,'  Ben  Lomond, 
l,000foot     !     1,000-foot 


channel. 
Least  depth. 


channel. 
Least  depth. 
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I^Mi  L<#iiM)i]dCr<>paiiig  iH  ubout  '.<  milps  bolow  the  bead  of  Stat-ik  IhIuiuI.  Tho  lowest 
)K)iiit  wlieri)  iiiiprovoii  out  works  have  beiMi  coiiHtructed  is  at  theliea<l(»f  Stack  Ivluud. 
Durinj5  tbo  i>rt*8t^iit  low-water  Koabon  tbei*e  buB  boou  no  difficulty  (.experienced  by 
stoamboatR  in  navigating  any  part  of  tbe  rcacli. 

For  tbe  same  period  covered  by  tbe  soundingB  aH  given  above,  the  least  depths  in 
steamboat  channel  on  the  Sterling  Grossing,  4  miles,  and  Leiand)  %  miles  above  Cv- 
olina  Landing  (the  beginning  of  Lake  Providence  Reach)  were  as  follows: 

Croasings  above  Lake  Providence  Reach. 


Date. 


1884. 

AufOiBt  8. 

Au^nut20. 

Septeuiber  1 

Septembei;]  1 

Septomber  13 

September  27 


Lake  Provi- 
dence Kaage- 
reamog. 


1S.6 

12.  • 

&5 

as 
at 

a? 


Sterliiiff(4 

miles  above 

reach). 


8 

? 

0 
0 
0 


LeludOS 

mileitbon 

reach). 


Aft 


8 
8 

T 


TbiH  shows  a  marked  improvement  in  the  channel  depths  on  tbe  reach,  at  tbe  ahoil 
places,  compared  with  that  found  in  the  river  immediately  above. 

The  amount  expended  for  labor  on  the  improvement  from  Dancansby  to  Stack  Isl- 
and is  given  below  in  tbe  following  statement: 

Coet  of  labor  and  subsistence. 


$44.015  09 

40.678  63 
10.847  15 
19. 951  84 

84. 679  16 
Caro  of  proiHTty  .  -  -'• -" Oi  914  14 


MattntHH  coDHtnictiou  oud  bauk  protection. 

Dike  (M)UHtriictiun 

SurvoyH  

Tow-boat  M«*rvic<» 

CouHtrurtioii  aud  rvpairs  to  plant,  6co. 


Pay-roll. 


Total. 


^67.381  00 


Snbaiat- 
enoe. 


$10,956  93 
9.993  66 
2,006  64 
a879  60 
4.813  r2 
2,216  17 


88,866  61 


Total 


$66.872J 

12.358  • 
28.381  g 

9,128  31 


100,74611 


Tbe  average  eoHt  of  a  ration,  including  ice  in  the  warm  months,  has  been— 

Ccflte- 

Cost  of  raw  material 29. 6 

Cost  of  ration  starved --..37.3 

Cost  of  ration  for  each  day's  labor  secured 43.3 

The  maximuu)  number  of  men  employed  in  any  one  month  has  been  716;  the  min- 
imum, 111. 

During  the  next  year  the  following  amount,  t-o  continue  the  improvement  as  law 
out  in  tlie  original  project,  can  be  pi-ofitably  ex|>ended  in  revetting  caving  banks ai^ 

in  dike  couHtruetionH : 

Hank  protection  to  prevent  oaving, 

IdaearlMfc 

From  K.  30  toK.  34,  Mississippi  7,500 

From  K.  44^  to  R.  49,  Mississippi 9,000 

Fr(Mu  K.  7'2  to  K.  74,  Louisiana 3,500 

From  K.  HO  to  K.  H9,  Louisiana 5,500 

Total »i»fiW 


25,500  linear  feet,  at  $10.12 


1358,060 


Pile  dikes,  Mav<*r8ville  and  Baleshcd  chutes : 

3,000  linear  feet,  at  ^7.25 •^'ISJ 

Wattliug  dikes  ali-eady  constructed  at  Ualesbed  and  Stack  Island 5|000 

Repairs  to  dikes  and  revetment ^^*zSi 

Tow-boat  service 26,000 

Repairs  to  jdaut ^'Sn 

Care  of  jmjperty ^^*m 

Contingencies 5tl^ 

Total  amount  that  can  be  pr(»Iitab1y  exp<mded 380|000 
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The  coiiHtnictiou  of  iDai tresses  aud  revetting  of  caviug  bauks  has  becD  under  the 

diroctioD  of  AssiHtant  Euginecr  William  M.  Childs,  the  dike  work  iiuder  Assistant 

Engineers  C.  P.  Kiiple  and  E.  C.  Tollinger.     Assistaut  Engineer  Henry  Steubing  had 

charge  of  nnloading  stone  and  distributing  same  <fti  revetment  of  Mayersville  Island, 

aud,  for  a  short  time,  was  engaged  in  foot-mat  construction.    On  Atignst  1  he  was 

transferred  to  the  work  at  Pilcher's  Point. 

The  surveys  made  have  been  under  Assistant  Engineer  E.  D.  Thompson. 

Reports  showing  in  detail  the  work  done  by  each  assistant  are  transmitted. 

At  the  close  of  last  season  tlie  following  work  was  in  progress,  viz : 

The  construction  of  an  additional  dike  at  the  head  of  Duncansby  system:  revetting 
tlie  face  of  Mayersville  Island;  completing  foot-mats,  &.C.,  at  the  head  oi  the  Bale- 
fthed  syst-em  of  dikes. 

This  work  was  all  completed  before  the  high  water,  with  the  exception  of  a  portion 
of  the  mattress-work  near  the  lower  end  of  Mayersville  Island. 

The  work  done  during  the  present  season  has  been  :  The  construction  of  the  Cot- 
tonwood system  of  dikes;  the  building  of  a  high-water  dike  in  rear  of  Balcshed  main 
dike,  from  Cross-dike  1  to  4,  and  extending  same  on  outside  of  main  dike  to  Cross-dike 
U;  the  construction  of  a  cross-dike  across  Balcshed  Ghute,  above  the  head  of  Stack 
Island,  from  the  Mississippi  shore  to  the  Stack  Island  main  dike,  and  thence  to  the 
liead  of  Stack  Island  ;  repairing  damages  to  dikes  from  the  flood ;  building  dike  from 
%he  outer  end  of  Dike  6  to  7,  Duncansby  system ;  repairing  revetment  on  Mayersville 
Island,  and  covering  the  upper  revetment  with  additional  stone.  For  location  of 
^ike,  «&c,  see  sketches  I  and  2  herewith. 

EFFECT  OF  THE   LAST  FLOOD  ON  THE  CONSTRUCTION  WORKS. 

The  dike-work  generally  withstood  the  flood  with  but  comparatively  littJe  damage. 
The  principal  injury  done  was  to  the  dikes  at  the  upper  end  of  the  old  Duncansby 
Tow-head  ;  the  outer  ends  of  the  cross-dikes  above  No.  7  were  cut  oti'  during  the  high 
water ;  the  upper  Duncansby  Tow-bead  has  entirely  disappeared ;  the  steamboat  chan- 
nel is  now  where  the  tow-head  was  the  previous  season. 

This  damage  is  due  to  the  rapid  caving  of  the  banks  in  the  Louisiana  Bend  forcing 
the  main  channel  of  the  river  to  the  Miswissippi  side  below  Pilcher's  Point.  The  chan- 
nel is  now  along  this  shore  to  the  head  of  the  Duncansby  Dikes,  at  which  ])oint  it 
again  crosses  back  to  the  Louisiana  side. 

The  current  thus  forced  j^ainst  these  dikes  has  had  the  effect  of  undermining  them 
at  their  outer  ends,  and  of  caviug  away  the  tow-head,  which  was  of  sand  and  unpro- 
tecte<l.  The  encroachment  of  the  channel  upon  the  bar  at  the  upper  end  of  the  Dun- 
cansby Chute  will  eontinuo  until  the  bend  above  Pilcher's  Point  is  prevented  from 
further  caving  by  the  revetment  work  now  in  progress  there. 

Ga])s  were  broken  in  Dikes  (3,  7,  8  in  Duncansby  Chute  during  the  high  water.  The 
gaps  in  each  of  these  dikes  were  about  100  feet  in  width.  The  breaks  were  in  the 
deepest  water  of  the  chute. 

The  low-water  dike  constructed  in  1882,  from  Wilderness  Landing  to  the  head  of 
Mayersville  Island,  was  scoured  out  during  the  Hood,  except  about  600  feet  nearest 
the  MiHssissipj)i  shore,  which  remain  intact.  This  undermining  was  due  to  the  deep- 
wat^^r  channel  working  in  towards  the  head  of  the  island. 

The  cross-dike  in  Mayersville  Chute  stood  during  thehigh  water  of  February,  March, 
and  part  of  April.  A  gap  about  125  feet  in  width  occurred  Ai>ril  21,  releasing  a  part 
of  the  large  drift  accuniulatiou  which  had  lodged  in  fnmt  of  the  dike.  The  effect 
shown  immediately  afterwards  was  the  washing  out  of  a  hole  20  feet  in  depth  through 
the  gap. 

The  chute  is  now  nearly  diy  in  the  vicinity  of  the  dike,  and  the  effect  on  the 
bottom  is  noticeable  immediately  at  the  break,  and  for  about  800  feet  below,  where 
u  deej)  hole  has  been  scoured  out.  • 

The  only  assignable  reason  for  the  failure  of  this  dike  seems  to  have  been  from  the 
pressure  of  drift  in  front;  the  drift,  not  extendmg  to  the  bottom,  caused  a  scour  at 
the  foot  of  the  piles  and  weakened  the  dike,  which  was  then  unable  to  withstand  the 
pressure  from  the  front  and  gave  way. 

At  Balcshed,  the  only  breaks  that  took  place  were  in  Cross-dikes  4  and  5,  in  which 
/;raps  of  about  200  feet  in  width  occurred.  The  upper  of  these  dikes  had  considerable 
drift  in  front  of  it  and  is  in  an  exposed  situation  when  the  water  is  over  the  20-foot 
Htage,  being  located  immediately  bcdow  where  the  low-water  and  high-water  main 
dikes  joiu. 

The  above  com]>rises  all  the  damage  done  to  dike-work  by  the  last  flood  ;  about  ISf 
per  cent,  of  the  dike- work  constructed  previous  to  November  1,  1883,  was  washed  out. 

At  Duncansby  and  Wilderness  the  dikes  gave  way  by  undermining,  caused  by  en- 
croachments of  the  deep-water  channel. 

In  Duncansby,  Mayersville,  and  Balcshed  chutes  the  breaks  were  due  to  drift. 

The  revetment  work  ou  Mayersville  Island  withstood  the  oflect  of  the  flood,  with 
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tho  oxocption  of  two  sli<lo.s  in  tlio  rcvetiiient  lu'jir  the  \wiu[  of  tho  isl'iml,  ami  al>out 
5/JlO  firet  at  the  lower  t'jul,  wberw  tho  bauk  islow  ;  at  this  point  tho  river  cut  bebinil 
tb«*  r(»vetniont,  and  it  cav(?d  in. 

Tbe  damage?  ocrnrred  to  the  work  »t  tho  unpor  end  of  tho  iHland  iniinediat«;ly  aflor 
tho  llood,  while  tho  river  was  falling  rapidly";  at  the  lower  end  of  the  ibland  the  in- 
jury was  done  during  the  ilood;  nearly  27  yer  cent,  of  the  work  done  during  the  sea- 
son on  the  island  washed  out  during  the  high  water. 

Dnticantiby  DikeSy  present  condition  of  the  improremenls. — The  damage  to  the  dikes  at 
the.  head  of  the  DuneauMby  syHtcni  8till  continueH  and  will,  in  all  probability,  not  cease 
until  the  river  at  this  i>oint  adjusts  itself  to  the  conditions  al)ove,  and  assnniesa  ni<m» 
symmetrical  shape. 

'  The  gai)H  in  tho  chute  in  Cross-dikes  6  and  7  have  been  closed,  and  a  dike  driven 
joining  the  outer  ends  of  7  and  8.  From  present  indications  it  is  probable  that  the 
river  will  cut  the  out(?r  ends  of  7  and  8  still  further  back,  as  the  channel  is  now  work- 
ing in  that  din'ction,  and  there  is  a  strong  cun'ent  thrown  against  this  part  of  the 
work. 

Maifemvinc  Dikes. — The  gap  in  Cross-dike  1  has  been  repaired.  This  dike  will  need 
strengthening  to  stand  the  next  high  water.  The  detlecting  dike  built  in  ISH2  at  the 
lu?ad  of  th«*  chute  was  washed  out  during  the  Hood. 

Cottonwood  Dikes. — These  dikes  are  all  in  good  condition. 

liahxhed  Dikes.— The  gap  in  the  main  dike,  which  occurred  while  tho  stage  of  tbe 
river  was  about  10  feet  below  high  water,  as  well  as  the  gaps  in  the  Cross-dikes  3  and 
4,  which  occurred  during  the  Hood,  have  been  repainnl ;  this  system  of  dikes  is  now 
in  good  condition. 

Stuck  Island  Dikes. — The  dikes  here  are  all  intact. 

Elton  DikeJi. — The  outer  ends  of  theses  dikes  have  been  cut  oft*  during  the  Hood;  bnt 
not  lx»fore  they  ha<l  served  the  purjiose  for  which  they  were  originally  construct^^d. 
For  location,  &c.,  of  dikes,  see  sketches  herewith. 

Mayersrillc  It^land. — The  work  from  tho  head  of  tho  island  to- a  point  8,300  feet  be- 
low is  in  good  condition,  except  about  1,*200  feet  next  to  the  Iieail,  where  the  mat  is 
broken  in  a  few  places  next  the  bank. 

Slides  in  the  revetment  have  taken  place;  this  will  require  about  1,000  feet  of  new 
work  from  the  head  of  the  island  down. 

MKTHOD8  OF  CONSTRUCTION. 

No  nuiterial  changes  in  tho  method  of  construction  have  been  made  during  tho  pres- 
ent season  from  that  in  practice  heretofore,  described  in  the  report  of  hist  year's  oiK'ra- 
tions. 

In  the  construction  of  dikes,  instead  of  cottonwood  braces,  two  cypress  planks  3  by 
8  inches,  one  fastened  on  t^ach  side  of  tho  pile,  with  an  abutting  piece  mortised  into  the 
]>Iank,  have  been  used  to  a  great  extent.  These  are  more  rapidly  put  iu  place,  and 
although  the  tirst  cost  is  somewhat  greater,  it  is  believed  that  the  saving  of  time 
more  tlian  coni])ensates  for  the  additional  cost,  besides  giving  a  better  brace. 

The  uw;  of  cypress  for  the  construction  of  dikes  is  recommended  both  for  xnlea  and 
braces;  cottonwood  will  hist  but  two  or  three  seasons,  when  exposed,  while  the  life 
of  cyjuess  is  much  greater  and  will  allow  of  much  more  satisfactory  work  being  done. 

A  steam  hammer  has  been  tried  for  driving;  piles,  which  gave  quite  satisfactory  re- 
sults. The  leads  of  the  driver  upon  which  it  was  used  have  l>eeii  lengthened,  so  as 
to  give  it  further  trial.  We  were  able  to  drive  piles  from  5  to  8  feet,  after  the  limit  of 
penetration  Inul  been  reached  with  the  ordinary  drivers  and  with  comparatively  lit- 
th>  battering  of  the  heads. 

Tlu^  practice  in  mattress  coiistnictioii  has  1hm>u  to  make  them  continuous,  joining 
the  grillage  laid  on  the  slope  of  the  bank  with  the  mattress  before  sinking,  so  as  to 
make  the  c<mstruction  continuous  from  the  top  of  the  bank  to  the  outer  edge  of  the 
mattress. 

Befon^  sinking,  the  tlotation  of  the  mattress  is  nearly  destroyed  by  ballasting  it 
with  stone  distributed  over  the  surface;  it  is  then  sunk  in  position,  beginning  at  the 
head  and  retaining  the  lower  end  of  the  mattress  on  the  weaving  barge,  so  that  sink- 
ing and  buihliiig  mattress  can  proceed  at  the  same  time. 

No  loss  of  mattre.ss  (M'curred  this  season  while  sinking. 

The  experience  of  last  year  shows  that  where  damage  has  occnrred  to  mattress- 
work  it  has  generally  been  by  sliding  of  the  bank.  The  lower  part  of  the  slope  just 
below  the  low-water  line  is  the  point  that  first  gives  way,  in  many  instances  the 
mattress  tearing  apart<  from  the  bank  revetment  projier,  leaving  a  space  at  the  foot 
of  the  bank  slope  exposed  without  prot-ection  to  tho  eroding  action  of  the  current. 

Tt  would  appear  that  a  stronger  form  of  revetment  than  that  atfonled  by  the  ordi- 
'  htaaih  constraction  used  heretofore  will  be  required  to  connect  the  subaqueous 
■  with  the  revetment  laid  on  the  slope  of  the  bank  in  order  to  insure  satis- 
iwnlta. 
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Below  is  a  list  of  the  floating  property  constituting  the  plant: 

9i  of  boaUj  barges, pile-drivers,  fc,  constituting  the  plant  belonging  to  the  reach,  of  which 
five  small  barges,  75  by  I6jeet,  and  one,  65  by  lb  feet,  were  built  on  the  works. 


Claasiflcation. 

No. 

Dimen- 
sion 8. 

,    Retparks. 

vr  •boats - 

5 
2 

10 

2 

8 
28 
5 
1 
1 

12 
4 
1 
8 
2 
3 
65 

Feet 

119  ij  30 
160        30 
140       49 
100        25 
130        25 
100        30 
135        30 
100        25 

80        20 

70        18 

100        25 

2H        25 

211        35 

186  .      56 

37        16 

25          8 

186        26 

100        24 

47        12 

132        24 

160        28 

120  26 
100        25 

75        15 
66        15 
60        14 
70        20 
82        20 

1  chArterML 

ftders 

btta^ess- boats ,..- 

Do 

"oei^boats * 

arter-boats 

Do 

Do 

Do 

Do 

Do 

icbine-ahop  boat 

n>enter-aboD  boat ..•. 

mber»boat 

ck 

Do 

Do 

barf-boat 

rrick-boat 

nip-boat ,, 

Steam. 

nee.  decked  

ModeL 

Do 

Floah. 

Do 

Do. 

Do. 

Do , 

Do. 

^v    ....................................    ....^.    .............   ....... 

Do. 

lo-driver» 

tamamn 

25          7 
42        12 

Do 

ifls 

Total 

183 

........... 

MMARY   OF  WORK  COMPLETED  AND  MATERIAL  EXPENDED  FROM  NOVEMBER  1,  1883, 

TO  OCTOBER   1,  1884. 

IFork  done, 

imber  of  piles  driven 9,292 

laiber  of  stringers  put  in  place 3,601 

imber  of  braces  put  in  place *. 6, 383 

imber  of  linear  feet  of  dike  corojlleted,  2  row 5, 463 

iniber  of  linear  feet  of  dike  completed,  3  row 20, 841 

imber  oif  linear  feet  of  dike  completed,  4  row 861 

27,165 

Tillage  foot-mat  built,  20,594  linear  feet squares..  8,425 

oven  foot-mat  built,  6,196  linear  feet < ., do 4,164 

attress  built,  10,928  linear  feet do....  13,78() 

evetment  built,  15,528  linear  feet do 8, 061 

lore-mat,  2,175  linear  feet do S^ 

attling, 9,948  linear  feet do...-  796 

iltod  screens,  2,839  linear  feet do 1,039 

auk  graded,  8,731  linear  feet cubic  yards..  71,379 

iuear  feet  pile-dike  standing  November  1, 1883 44, 235 

iuear  feet  pile-dike  constructed  present  season 27, 165 

71,400 

'educt  old  work  washed  out  the  present  season 8, 294 

Amount  pile-dike  October  1,  1884 63,  log 
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Od  Maversvillo  Island  tliero  isuow  in  lair  rendition  7,130  linear  feet  of  revetment 
and  mattr<^88Work. 

Maieiial  expended. 

Piles number..  9,559 

Strinijers do 3,471 

Braces do 6, 383 

Stone cubic  yards..  30,350 

Cottonwood  poles cords..  1,417 

Brush .' do....  24,737 

Wire pounds..  167,000 

Iron  and  spikes do 178,41)3 

White  lead do....  4,515 

Oakum do 5,592 

Lumber feet,  B.  M..  275,200 

Coal bushels..  190,327 

Sacks number. .  4, 600 

Very  respectfully, 

Abtiiur  Hideb, 
A88%8tant  Engineer  in  charge, 
Capt.  Clinton  B.  Skars, 

Corps  of  EngineerSy  U.  S,  A, 


H  2. 

REPORT  OF  J.  E.  TURTLE,  ASSISTANT  ENGINEER,  UPON  OPERATIONS  AT  PILCIIER's  POINT. 

United  States  Engineer  Office, 

Pih'her'a  Pointy  La.,  October  6,  1884. 

Sir:  The  following  report  of  operations  of  work  done  at  Pilcher's  Point,  La.,  from 
NovembtT  1,  1H8:^,  to  October  1,  18rt4,  is  respectfully  submitte<l. 

The  object  of  the  work  at  this  point  was  to  hold  the  present  shore-line,  thus  pre- 
venting a  defier.tion  of  the  current  to  the  Mississippi  side  below,  which  detl Action  waa 
sii])posed  would  cause  serious  damage  to  the  work  at  head  of  Duncausby  Chute. 

The  plan  adopted  to  hold  the  i)re8eut  shore-line  was  by  woven  willow  mattresses, 
which  arcvsupposed  to  cdver,  when  sunk,  a  sutlicleut  amount  of  the  slope  to  prevent 
erosion  ;  and  by  upper  bank  revetment. 

On  November  1,  1883,  there  were  employed  at  this  point  two  mattress  parties,  one 
brush  i>arty,  snag-boat  O.  G.  Wagner,  and  tow-boat  Pearl. 

Owing  to  a  scarcity  of  labor  in  summer  of  18Ki  the  work  did  not  get  well  undei 
hea<lway  until  about  November  1,  1883.     On  November  C,  owing  to  alow  condition  of 
funds,  ('a]>taiu  Marshall,  U.  S.  A.,  issued  instructions  to  drop  mat  construction  as 
soon  as  practicable  and  transfer  one  of  the  mat  parties  to  Islaud  No.  93.    The  latter 
part  of  thesti  instructions  were  carried  into  etiect  November  24. 

On  December  If)  the  upi)er  mat  party  at  this  point  wq£  disbanded,  and  such  of  thorn 
retaintMl  as  was  necessary  to  store  track  lumber  for  winter. 

On  December  17  brush  party  was  also  transferred  to  Island  No.  93,  to  assist  in  the 
com])l<'tion  of  the  work  at  that  point  befon*.  high  water. 

Party  retained  at  Pitcher's  Point  was  disbanded  December  26,  1883.  Parties  on 
Island  93  disbanded,  one  on  December  29,  one  on  January  H,  1884. 

Snag-boat  O.  G.  Wagner  continue<l  work  until  11  a.  m.,  November  7,  when  a  crack 
oeenn*ed  in  her  boiler.    On  November  15  J.  R.  Mt^igs  rejiorted  to  take  place  of  Wagner, 

On  November  ;M)  Wagner  was  taken  in  tow  by  the  steamer  Mississippi  and  delivered 
to  Major  Miller. 

Meigs  continued  work  until  December  18,  when  pulling  snags  was  abandoned.  Od 
December  19  she  departed  for  Memphis,  to  be  delivered  to  Major  Miller. 

Tow-boat  Pearl  was  employed  until  December  28.  On  December  29  she  was  taken 
in  tow  by  steamer  Mississippi,  to  be  deliven^d  to  owners. 

Quarter- boats  and  mat-barges  were  ]>laced  with  the  fleet  at  Wilson's  Point,  prop- 
erty checked  and  placed  under  lock  and  key. 

On  January  28  a  small  force  was  organi;?ed  for  the  purpose  of  furnishing  mattress 
poles  and  stringers  to  construction  partv  at  Wilson's  Point.  On  February  11  water 
got  over  bank,  and  work  was  abandoned. 

On  April  7  a  small  lorce  was  again  organized  to  supply  braces  and  stringers  to  parly 
at  Wilson's  Point.  Timber  was  cut  from  skitfs  and  floated  to  barges.  This  work  con- 
tinued until  May  27,  then,  owing  to  a  falling  river,  was  abandoned,  and  clearing 
caving  banks  of  timber  was  begun.  This  latter  work  was  continued  until  JaneSS^ 
when  mat  construction  commenced,  and  since  that  date  has  been  pushed  as  rapidly 
as  the  class  of  labor  and  hot  weather  would  permit. 

The  head  of  the  mat  work  this  siMison  overlaps  the  lower  end  of  mat  sank  In  1803. 
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After  au  UDsuccessful  attcuipt  to  remove  the  si)ii«rs  from  this  bend — fit'»i  with  u  pile- 
driver,  and  after  with  j^rader  No.  '.5 — a  diver  was  [»rocure(l,  the  ohjeet  bein^  to  cut  off 
tlie  huags  by  means  of  dynauiite.  The  eart ridges  ut>ed  were  half-pound  Hercules 
powder,  one  or  more  being  used  as  tin;  size  of  sjuigs  demanded.  Cartridges  were  tied 
against  the  snags,  close  to  the  bottom,  and  exploded  with  a  battery.  This  means  of 
lemovin^  suags  proved  a  perfect  success. 

The  diver  (Mr.  Howard)  has  examined  the  upper  mat  (1,690  feet  in  length)  sunk 
in  1883,  and  all  the  mat  sunk  in  1884.  The  mat  of  1883  was  found  to  be  in  a  good  state 
of  preservation,  and  to  be  well  done  on  the  bottom,  the  outer  edge  resting  on  a  stratum 
of  bine  clay. 

On  the  evening  of  Se])tember  19,  a  cave  occurred  which  injured  about  100  feet  of 
the  mat  sunk  in  1884.  The  slide  is  supposed  to  be  caused  by  the  a^rader,  which  was 
grading  at  the  time  at  the  point  where  the  slide  took  place.  With  the  exception  of 
this  100  feet,  the  mat  smik  in  1884  was  found  to  be  in  good  condition,  the  outer  edge 
reatinc  on  a  stratum  of  blue  clay. 

Grader  No.  3  was  received  from  W^ilsou^s  l*oint  on  the  evening  of  July  31,  and  began 
grading  on  August  1.  Much  delay  was  occasioned  at  tirst  by  inexperienced  labor — 
poor  quality  of  hose  (used  last  season),  sickness  of  engineer,  and  a  crack  in  pump 
chamber. 

On  September  15,  grader  No.  1  was  received  from  Vicksburg,  and  put  to  work  at  once ; 
since  then  a  double  crew  has  been  emjjloyed,  and  good  progress  made.  This  work  has 
been  under  the  charge  of  Assistant  Engineer  H.  ISteubing. 

Carpenters  have  been  employed  overhauling  mattress  barges,  quarter-boats,  build- 
ing addition  to  office,  and  in  general  repairs. 

Blacksmith  has  been  employed  welding  mat  rods,  and  on  general  repairs. 

The  steamers  Osceola  and  Ether idgo  have  done  the  local  work. 

There  has  been  an  abundant  supply  of  material. 

DESCRIPTION   OF  WORK. 

The  mattresses  employed  here  are  the  common  woven  mattress  of  willow,  and  have 
been  explained  in  detail  so  often  that  explanation  here  is  deemed  unnecessary.  The 
widths  used  are  180,  168,  and  1()5  teet  (these  widths  do  not  include  grillage  mat), 
and  have  been  made  continuous,  the  longest  mat  being  3,440  by  180  feet. 

Previous  to  sinking,  the  mats  have  been  well  ballasted  (dotation  destroyed)  their 
entire  lengths,  or  over  such  lengths  as  were  to  be  sunk  from  time  to  time.  The  head 
or  up-stream  ends  are  sunk  tirst  by  pulling  a  barge  loaded  with  rock  over  the  mat, 
beginning  about  250  feet  below  the  head,  and  then  towards  it;  when  the  head  is 
reached  it  is  loaded  w  ilh  suflicicnt  rock  to  carry  it  rapidly  to  the  bottom;  the  straps 
(from  12  to  16  in  number)  that  anchor  the  mat  to  the  mooring  barge  are  let  go  sim- 
ultaneously. The  anchor  lines  that  hold  the  mat  to  the  shore  are  sunk  with  it,  and 
by  means  of  shackles  and  trip-lines,  made  fast  to  buo3's,are  released  when  a  sufficient 
quantity  of  the  mat  is  on  the  bottom  to  secure  its  safety. 

Every  300  feet  mat«  are  made  last  to  shore  by  2-inch  manila  lines  (two  lines  abreast 
on  the  outer  half  of  the  mat) ;  these  lines  are  also  sunk  with  the  mat  and  treated  as 
the  head  lines. 

The  upper  bank  revetment  consists  of  courses  of  willow  brush  placed  upon  Br  frame- 
work of  poles,  and  are  held  in  place  by  cross  poles  firudy  wired  to  frame-work  under- 
neath. 

GENERAL  REMARKS. 

On  June  1,  1884,  it  was  found  that  the  upper  mat  ^  1,690  feet  in  length)  sunk  in  1883, 
was  still  in  place,  no  caving  having  occurred  behind  it;  the  lower  mat  (2,308  feet  in 
length)  was  found  to  be  gone. 

A  resnrvey  of  the  shore-line  along  this  mat  indicated  the  least  caving  to  be  150  feet, 
the  greatest  600  feet,  it  being  greatest  at  the  lower  end.  As  this  was  a  detached  piece 
of  work,  8ituat«?d  at  the  worst  point  in  the  bend,  Other  results  could  not  be  expected. 
It  is  deemed  advisable  not  to  revet  the  lower  one-half  or  three-quarters  of  a  mile  of 
this  bend,  as  it  is  hoped  if  this  is  left  unprotected  it  will  wash  away  during  the  high 
water,  thereby  materially  assisting  in  carrying  into  effect  the  purpose  of  the  work. 

If  the  work'douo  this  season  will  be  found  in  perfect  condition  after  the  high  waters 
of  1885,  the  revetment  of  the  above  three-fourths  of  a  mile  will  be  all  that  remains 
to  be  done  to  tinish  the  work  at  this  point,  requiring  an  expenditure  of  about  $42,000. 

The  progress  of  the  work  has  been  greatly  delayed  by  the  shifting  class  of  labor 
employed.  The  work  at  first  is  entirely  new  to  them.  As  soon  as  they  become  ac- 
quainted with  it  they  are  ready  to  leave. 

Number  of  laborers  that  commenced  work  in  August  and  were  paid  off  before  the 
tnonth  closed,  was  287;  in  September,  350. 

I  feel  under  obligations  to  the  employes  on  the  work  for  the  faithful  and  untiring 
aianner  in  which  tlioy  have  performed  their  duty,  and  to  Assistant  Engineer  Arthur 
Kider  for  the  prompt  and  agreeable  manner  in  which  he  has  responded  to  my  reqnifli- 
;ioii8  for  material  and  different  i)ieces  of  his  plant. 
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Appeiidejl  lnTeio  is  suiniiinry  t>f  work  «loiio,  material  oxpendcHl,  aiwl  statements  of 
(roHt  of  uoik. 

Staiemnit  of  coat  of  irork  done  at  PUcher^s  Point,  Lake  Urovidence  Beach,  fromXavember  1, 

ic^ea,  1o  Ociobirly  16d4. 


DcncriplioD. 


Pay-roll. 


SabsiHtence.^ 


Mat  andbaiik  rovotinont '  $37,002  25 

Sri a^-lioat !      1 ,  078  9') 

IJnisUpaitv ■      4,522  75 

(J lading  ..'• 2,078  00 


MateriaL       Total*. 


$9,532  40  j  $83,751  20  ,  $110,286  03 


Stipplyini;  bracoH  and  stiiiigerfl  to  Wilson's  Point. 

('1<  aiiii;j  c av ill t;  bank  of  timber 

Work  (liirin<(  suspeusion 


1,  578  H3 
367  00 
301  49 


Total 


47, 520  27 


883  13 
1,441  86 
369  00 
284  35 
113  34 
44  25 


12, 109  32 


163  60 
820  11 
145  00  i 


.1 


2.225  58 
6.290  72 
2,502  00 
1.863  18 
480  34 
345  74 


64,385  00 


124.084  49 


*  Dailv  C08t  per  ration,  raw  25.4,  Kcrved  33.8  cents ;  ilaii^'  cost  per  ration  for  actiml  labor  on  time  liat, 
39.8  centrt. 

JVork  done. 


Description. 


I  I 

;  Lenfjrth.     Width. 


Bank  jrraded 

Do 

Bank  il(*:irrd  of  tinibor 

Timber  eleaied  from  eavin;;  banks 


Feet. 
5, 275 
6,146 
8,850 
9, 240 


Feet. 

78 

78 

75 

200 


Remarks. 


Shoveled. 

Preparatory  to  grading. 


Work  done — Continued. 


De.seripti«>n. 


Snaps  removi-d number. . 

Do  do  —  I 

Lo<:h  removed «lo , 

Brush  cut  and  loaded cords.. 

I*ol«'H  <iil  and  lii:i(b-<l do 

Strinm-rHeut  and  Iitadi-d number.. 

Ill  ;!<'(  .s  rut  and  loaded do 

Track  laid linear  feet . .  j 

Tr;uk  rorduioved   do 

Trai'k  stored  for  winter do 


Quantity. 


309 
172 
128 
4. 240 
ir)l 
^60 
729 

ir,,  510 
2,  SJO 

14,030 


Locality. 


Remarks. 


Pilrher's  Point .. 

—  do 

-do , 

Surah's  Island.... 
Pilcbcr's  Point  ... 

do 

..  do 

Sarah's  Island.... 

do 

Ashlon 


By  dirers. 


For  WilBon*8  Point. 


(.'arpvnicr  fro/7.'.— Vfiitilntors  put  on  tlireo  cpnrters-boatH;  bold  of  No.  35  fitted  for 
(lini!i»;-i*nom  :  :nl<liii»ni  to  (»ni<L' (■(Mni)li'tiMl. 

PaiutiiKf. — Iloofs  1)1'  ilirro  (iJiuitcrs-boatiJ  painted. 

Kespoct fully  sulniiittcMi.  J.  E.  TURTLE, 

Aaaiatani  Englnetr, 

Cl.INTO.V    r>.    SkaHS, 

dipt  a  hi  of  JJntfinetm,  (\  S.  A.  , 


JSiatritioif  of'  nmliridl  rj'pcndtd  at  PilvhtYa  Point,  Lake  Providence  Beach,  from  Nwember 

1,  1^'A,  to  October  1,  lrib4. 

I^||1^*l» cords..  19,3^.1 

l^oKs .^ do....  1.710.6 

Ihmi poiinda..  ti>6,209 

'Spikes do 33»118 

<  ut  nails do 2,205 

Win- ...do....  80,221 

I  inlvs do....  2,420 

Stajilrs '. grofla.-  57 

Cli'visrH (lounds..  765 

Stoiir cubic  yards,.  8,666. 

Coal bushels...  8,990 

I  innlur feet..  10,158 

Miutial  ])aiiit poniids..  652 

Sliino;l(s number.-  3,500 

LiiistM'd  oil gallons..  70 

ll«  Tciib's  jiowdor ^.: pounds..  175 

PiiiiMis number..  2U0 

Car  ^loasc pounds..  400 
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Statement  of  work  done  at  Pucker's  Foxnt,  Lake  Providence  Beach j  from  Xovemher  1,  1883, 

to  October  1,  1884. 


Description. 


Mattress  constructed*. 

Do* 

Do* 

T>o* 

Do* 

Do* 

ToUl '. 

Grillage 

Upper  bank  revetment 
Do 

Mattress  sunk 

Do 

Do 

Do 

Do 

Do. 

Total 


Length. 


Feet. 
1,030 
5,372 
460 
1,245 
4,195 
1,779 


14, 081 


1,708 
1,395 
4.330 


1,030 
5,372 
460 
1,245 
3,074 
1,779 


12, 960 


Width. 


Fx:et. 
150 
UO 
16!) 


165 

168 


106.5 


50 
60 

78 

150 
180 
160 


165 
l&f 


166.5 


*  These  widths  do  not  include  grillage. 


H  3. 


REPORT   OF  W.  M.  CHILDS,  ASSISTANT   ENGINEER,  UPON   OPERATIONS    VT  MAYERSVILLE 
ISLAND.  WITH   SUBREPORT  UPON   EXAMINATION  OF  SUBAQUEOUS  MATTRESSES. 

Wilson's  Point,  La.,  October  1,  1884. 

Sir:  The  work  uuder  my  charge  for  the  eleven  luouths  euding  September  liO,  1884, 
was  confined  to  the  protection  of  the  face  of  Mayersvillo  Inland  by  subaqueous  mat- 
tress and  i-evetment,  and  to  making  woven  and  grillage  foot-matu,  tilted  screens  and 
wattling  at  the  Cottonwood  system  of  dikes. 

Careful  examinations  were  made  in  September,  by  a  marine  diver,  of  the  subaqueous 
mattress  along  the  entire  face  of  Mayersville  Island  (.'^•e  subreport  marked  Appendix 

n:v). 

From  the  heatl  of  the  island  to  a  ]>oinl  300  feet  below  range  52  the  mattress  has  had 
a  strong  current  to  withstand,  and  is  .somewhat  broken  near  the  low-water  lino.  The 
revetment  is  good,  but  has  been  repaired  in  places  several  tini<*s. 

From  a  point  300  feet  below  range  5*2  to  a  point  180  feet  below  range  55  the  sub- 
aqueous mattress  and  revetment  are  in  good  ccmdiiion.  Over  1,500  linear  feet  of  sub- 
aqueous mattress  and  revetment  has  been  buili.  to  keep  work  now  standing  in  repair. 

Work  done  at  the  cotton  wood  dikes  is  in  good  condition  throughout. 

Below  is  an  estimatti  of  the  labor  co-t  for  100  linear  feet  of  bank  protection  work: 

150  squares  woven  mattress,  at  ^1.25 $187  50 

10  squares  ^llage  mattress,  at  $2.37 23  70 

Grading  mattress,  at  31  cents .- 31  00 

50  squares  revetment,  at  $2.37 118  50 

Total 360  70 

Add  cost  of  material : 

1,50  cords  brnsh,  at  $1.75 $262  50 

147  cubic  yards  stone,  at  $2 294  00 

12  cords  poles,  at  $2 24  00 

130  pounds  spikes,  at  4  cents *. . .»  5  20 

225  pounds  wire,  at  7  cents 15  75 

1,000  poonds  iron  rods,  at  5  cents *. 50  00 

&51  45 

Tow:^2jc  estimated  at  33^  per  cent,  of  tow-boat  srrvice 70  80 

Total  cost  for  100  linear  fcet ' 1,082  95 

Cost  i>er  single  foot 10  83 
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Hecapitulaiions  of  work  done  and  percentage  washed  out  (not  including  A»»i$tani  Engineer 

J.  E,  Turtles  work). 

Woven  mattress :  Linear  feot. 

Miiyersvillo  IsIuDd  (in  good  condition) 5, 735 

Cottonwood  dikes  (in  good  condition) 4,602 

Mayersville  Island  (washed  ont) 3,798 

Total. I4,i:jr> 

26^  per  cent,  washed  ont. 

Grillage  mattress,  Mayersville  Island,  780  linear  feet  washed  out. 

100  per  cent,  washed  ont. 

Grillage  foot-iuat,  Cottonwood  dikes  (in  good  condition) linear  feet..  4,058 

Wattling  foot-mat,  Cottonwood  dikes  (in  good  condition) do 2,571 

Tilted,  screen,  Cottonwood  dikes  (in  good  condition) do 1,487 

Rod  braces  put  up,  Cottonwood  dikes namber..  70i) 

Revetment :  Linear  feet. 

Mayersville  Island  (washed  out) I: 6,578 

Mayersville  Island  (io  good  condition) 5,735 

Cottonwood  dikes  (in  good  condition) 120 

Total 12,433 

^2{i  per  cent,  washed  ont. 

'  LinfiAT  feet. 

Grading  Mayersville  Island  (in  good  condition) 8,611 

Grading  Cottonwood  dikes  (in  good  condition) 120 

Total , 8,731 

Of  mattress  work  in  good  condition,  as  per  last  yearly  report,  100  per  cent,  is  now 
washed  out. 

Tabnlated  statement  of  location,  amount  and  cost  of  work  done,  and  material 
pended,  accompanies  this  report,  marked  Appendix  H  3^ 
Re8i>ectfnlly  submitted. 
Your  obedient  servant, 

.    W.  M.  Chiums. 
United  States  AsHataut  EnginMr, 
To  Arthur  Hidkr, 

United  States  Assistant  Engineer  in  charge. 


H3^ 

report  of  w.  m.  childs,  assistant  engineer,  upon  examination  of  subaque- 
ous MATTRKSSKS. 

Wilson's  Point,  La.,  October  4, 1884. 

Sir  :  I  bave  the  honor  to  make  the  following  report  of  examinations  of  subaqaeona 
mattress  oti*  the  face  of  Mayersville  Island,  made  l>y  a  marine  diver. 

lYom  the  head  of  the  island  (1,100  feet  abovo  range  52)  down- stream 500  feet  the  mat- 
tress is  in  good  condition  and  lies  on  a  gradual  slope.  Between  jioints  500  and  600 
feot  below  head  of  island  the  mattress  is  badly  broken.  There  are  two  places  in  this 
distance  of  100  feet  where  the  mattress  is  entirely  gone  out.  Below  tbo  head  of  the 
island  900,  1,000,  and  1,100  feet  the  mattress  is  broken  in  places  along  the  low-water 
line  and  in  two  places  is  broken  away  from  the  grillage  mat  and  settled  down  3  or 4 
feot  below  the  outer  edge  of  the  latter.  For  75  feet  out  from  the  shore  the  mattrees 
seems  in  good  condition,  well  ballasted,  and  lies  on  a  gradual  slope. 

The  revetment  from  the  head  of  the  island  down  1,400  feet  is  very  steep  near  and  at 
the  water  surface  and  in  some  places  shows  signs  of  giving  way.  From  a  point  1,400 
feet  below  tlie  head  of  the  island  to  a  point  180  feet  below  range  55,  a  distance  of  6,900 
feet,  the  mattress  and  revetment  are  in  good  condition,  and  lie  on  an  easy  slope.  At 
some  plaeesalong  this  stretch  the  river  bed  has  washed  down  3  or  4  feet  below  the  outer 
edge  of  the  mattress. 

The  current  was  so  swift  the  diver  could  reach  the  outer  edge  of  the  mattress  only  be- 
tween ranges  .5;{  and  68. 

About  '^}0  feet  Ixdow  range  55,  a  piece  of  mattress  about  100  feet  in  length  was  fimnd 
and  in  good  condition  ;  '.-(H)  feet  bel>w  tJii^  a  small  patch  was  found,  but  from  thers 
down  nothing  of  brush  or  stone  was  found.  The  current  was  anite  swift  along  the 
lower  part  of  tho  itdand  and  the  diver  could  nut  go  more  than  50  leet  ftom^ahora. 
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All  muttresH  work  fouod  was  well  ballasted  with  rock,  and  was  almost  covered  with 
sand.  EveD  aloDg  the  head  of  the  island  where  is  the  most  current  the  mattress  was 
well  buried  in  sand.  A  good  deal  of  light  sediment  has  settled  on  the  mattress  be- 
tween ranges  53  and  55. 

Pieces  of  brush  were  broken  off  and  brought  up,  and  seem  in  a  good  state  of  preser- 
vation.   No  difference  could  be  detected  between  brush  that  had  been  down  one  yeai 
from  that  which  had  been  down  two  years. 
Respectfully  submitted, 

W.  M.  Childs, 
United  SUites  Asaisiant  Engineer ^ 
To  Ajrthur  Hider, 

Asfiiittani  Engineer  in  churge. 


Description  of  work  done. 


WoveD  mattress. 

Do 

Do* 

Do  t 

Dot 

Dot 

Dot 

Do 

Do 


Do§. 
Do.. 


Grillage  mattress  t 
Do§ 


Revetment  || 
Do  .... 


Do$. 


Oradins. 
Do 


Grillage  foot  mattress. 


Wattling 

Tilted  screen 


Rod  braces  put  np  . . . 
Brash  cat  and  loaded . 


Location. 


Maversvllle  Island . 

...do 

...do 

....do 

...do 

...do    

....do 

Cottonwood  Dikes. 
....do 


a 

h4 


2,906 

2,829 

310 

904 

1,774 

407 

403 

2,975 

1,627 


Mayersville  Island 
...do 


.do 
.do 


...do 

Cottonwood  Dikes. 


Mayersville  Island . . 


14, 135 
1,395 


15,530 


780 
1,395 


2,175 


12, 313 
120 


12,433  j. 
1,395  1 


13,828 


....do 

Cottonwood  Dikes. 


8,611 
120 


do 
.do 


do 
do 


...do 

Mayersville  Island . 


8,731 


1,924 
2,134 


4,058 
2,571 
1.487 

(IT) 
709 

(tt) 
2,045 


151 
135 
125 

no 

100 
71 
45 
75 
60 


140 


50 
32 


60 


60 
35 


35 


s 


4,388 

3,819 
387 
994 

1,774 
289 
182 

2,231 
976 


15.040 
1,953 


16,993 


390 
446 


836 


6,511 
103 


Rate. 


a 


o 


P4 


a 


$1. 328 


1.186 


$1,248 


2.372 


6,614 
837 


L259 


7,451 


70,799 
250 


71,049 


1,154 
747 


1,901 
259 
520 


.3069 


.4864 
.1889 
.2039 

(") 
.2123 

m) 

3.224 


2.367 


.0377 


1.038 
1.875 
.5832 


Cost. 


So 
?| 


#18,778  16 


925  06 


15,654  56 


2,679  74 


1,973  69 
485  71 
803  26 


150  53 
'6.693'83 


47,539  54 


*  Bnilt  to  repair  slides,  t  Washed  oat.  t  ^25  linear  feet  washed  oat ;  1.249  linear  feet  boilt  to  repair 
slides.  §  Work  done  bj-  Assistant  Engineer  J.  £.  Turtle.  ||  5,029  linear  feet  washed  oat ;  1,549  linear 
feet  bailt  to  repair  slides.     ^  Number.    **  Per  rod.    tt  Cords.    XI  Per  cord. 


Material  expended. 


cnbic  yards. 
cords. 


Stone •- 

Brush 

Poles do... 

Spikes pounds. 

Iron  rods do... 

Wire do... 


15,791 
16,344 
1,155 
12, 557 
76, 407 
52,891 
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H  4. 

REPOKT  OF  C.    r.   larPLE,  ASSISTANT    ENGINEER,   UPON  OPERATIONS  OF  DUCK  PARTY. 

Wilson's  Point,  La.,  October  1, 1864. 

Siu  :  1  liavc  tlio  honor  to  submit  herewitli  the  following  reiiorC  oi  operationn,  cwt 
(►f  work,  and  iiiaiiitciunu'e  of  wiiat  is  lu^re  known  as  the  dikci>arty,  under  my  charge, 
from  November  1,  lHe:i,  to  October  I,  18d4. 

This  party  was  under  active  operation  at  time  of  last  rei»ort,  made  Novemborl, 
l^i^Ki,  and  continued  so  until  January  7,  1884,  at  which  time  work  was  entirely  bus- 
pended  on  account  of  hi^h  water,  and  the  force  disorganized. 

At  tliistime  but  little  pikMlriving  was  being  done,  the  principal  work  consisting 
in  eom])1(^tin<<:  the  dike  already  driven,  by  the  construction  and  sinking  of  foot-matH, 
watllin*;:.  &c.  Fortunately  tJiis  work  was  complete  to  such  an  extent  that  what  re- 
mainr<l  unlinished  was  of  little  or  no  ctmsequence. 

Durin*;  the  hi;;h  wat«.T,  and  while  the  levees  on  this  reach  between  Wilson's  Polut, 
Louisiana,  and  Concordia  J^an<?ing,  Louisiana,  were  in  danger,  I  was  detailed  on  ])atTol 
duty  over  tills  section.  aLso  sui)erintending  such  work  as  was  done  to  preserve  and 
keep  the  h'vees  intact,  by  buihlin<r  revetments  of  lumber  to  prevent  caving,  and  wheu 
the  levee  was  low  or  had  been  cut  through,  by  raising  such  places  with  rows  of  sackii 
tilled  with  earth  ]>lae<'d  along  the  outer  edge  of  the  levee. 

On  the  1st  of  Apiil.  16*^4,  the  force  was  reorganized  and  pile-driving  resumed  by 
tin*  eommenrement  of  th«'  Qotionwood  syst-i'm  of  dikes,  completing  this  and  moving  in 
turn  to  l>alrslH<l,  Stark  Island,  and  Duneausby. 

During  my  absenr(>  on  h'ave,  fr«)m  April  ii:^  to  June  20,  work  was  cdntinned  under 
the  <  liar«;e  of  Assistant  Engineer  E.  C.  Tollinger. 

No  dike  wt)rk  has  lM-,'n  done  since  August  15. 

The  force  was  then  redue<'d  (on  account  of  the  unhealthy  season)  to  a  few  men,  and 
the  ))arty  engaged  in  niiseellaueous  work — at  the  present  time  loading  rock  from  the 
bank  onto  barges,  at  Wilson's  Point.  Louisiana. 

On  August  28  I  t«»ok  charge  of  a  ])arty  to  make  a  special  survey  of  Greenville  Harbor, 
Missis.Ni])]>i,  <'<miph't lug  this  and  returning  to  Wilson's  Point  September 4,  the  object  of 
this  survey  being  to  secure  data  \\\Mn\  which  to  base  an  estimate  of  such  work  as  would 
b(^  neces>ary  to  pn'serve  this  harbor  from  further  encroachments  of  the  river. 

The  following  is  :i  tabulated  statement  giving  in  detail  the  work  done  : 

Siaiement  f<howiny  dilc  and  brush  work  as  done  hy  dike  party  from  November  t,  1863,  to 

Octoher  1,  1884. 


Locatiuii  hikI  dike. 

i|rl 

1,077 

Foot-innt  bel 

'K- 

Woven  mat  along 
piling. 

Lin.  feet.    Sq.  feet. 

1, 677         67, 080 

150  .        7,500 

2,0:J2  ;      69,002 

H05  1      :«>,380 

782  \      23,840 

50          2. 520 

Qk. 

I>iun'an.sbN  : 

Main  betwcoii  0  ami  7  . . 

Lin.  feet. 

AT! 

150 
1,832 

805 
1.273 

710 

Sq./ML 
10.060 
7.500 
63,602 
32,880 
64,410 
38,646 

Sunk, 

Width. 

No.  :i 

1,H82 
517 

i:w 

56 

4,471 
1,350 

No.  0 

No.  7 

No.  ^ 

("ottoiiwjuid : 

Main  outer 

Main  innrr 

No.  1 

86:j 

No   •' 

No.  :{    

Mavrr.svillr: 

Nol 

i.i!8r, 
5:.8 

100 

•  134 

2,  H50 

900 

1,570 


354 

43,870 

78,  820 
.......... 

13.666' 

900 
1,012 

072' 



829 

48,870 
80,480 
29,624 

"83,'i66* 

r>alr.s|i(Ml : 

.Main   

l,fiM 

AB 

.Main  lM•t^\<M■n  1  and  :{ .. 
No.  :{ 

li 

Niw  l  innNr  old  I 

Niw  .'>  nmU'i  old  ."► 

N«..  r.  old 

1,207 

l,2'i(! 

low 

::0G 

J  00 

ion 

2.  :'l!» 

_.»:;<; 



75 

3,750 

No.  S 

Srack  I.sland: 

*.'.  .'MHi  I      0.">,7(;<) 
■J.  !:;i        ss.  Si),'. 

"■••••    ••• 

M.-nn 

Nn.  1    

2.3C0 
2,  131 

14, 144 

95, 760 

HS,HD5 

Toialrt 

rj.iH^4 

523,  U27 

600,175 

!.»* 

Oi 
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Statement  ehomng  dike  and  brush,  uork  as  done,  ^c. — Continued. 


Location  and  dike. 

Shore  mat  or 
revetment 
made  and 
snnk. 

Screens  hnng. 

Wattlins. 

Tip  grillage  wat- 
tling made  and 
sunk. 

Donoansby : 

Main  between  6  and  7  . . 

Sq.feeL 

L%n,fe4L 

Sq.feet 

Lifufeet 

Sq./eeL 

L%n.feet 

8q.f&i^ 

"So.  3 

"••"•••••■ 

So.  4 

1,600 
5,500 

170 

8,260 

1,280 

88,400 

1.675 

15, 731 

No.  7 

No.  8 

1,650 

10,868 

Cottonwood : 

^ain  outer 

Main  inner .....t 

Na  1 

No.  2 

No.  3 

.......... 

• 

Maversville : 

'No.  I 

9,000 

BalesbiHl : 

Mfiin 

1,865 

11,525 

2,647 

105,416 

Mi^in  bet'W'p<>n  1  (^nd  3  -  - 

No.  3 

8.300 

300 

9,000 

872 

6,800 

New  4  under  old  4 ..... . 

New  5  under  old  5 ...... 

No.  Sold 

No.  6 

400 
915 

2.400 
6.405 

No.  7 

No.  8 

Stack  Iftland : 

Main 

No.  1 

Totals 

10,400 

470 

12,260 

7,377 

53,729 

3,927 

143,816 

Of  this  there 

Linear  fi^t. 

Two  rows 4,873 

Three  rows^ 18,792 

Four  rows 180 


Total 28,845 

Amount  of  pay-roll $37,454  22 

SubbiMtence 9,227  50 


Total 46,681  72 

Labor  loaned  other  parties 366  93 

Total  to  be  accounted  for 46,314  79 


Distributed  as  follows : 

1.  Pile-driving,  including  bracing 

2.  Brush  work,  foot-mats,  &-c.,  including  sinking 

3.  Miiscellaneoiis  work: 

(a)  Cleaning  bank  of  timber 

\b)  Repairs  to  revetment.  Island  93  

(c)  Ballasting  revetment  and  foot-mats  made  by  other  parties  not  in- 

cluded in  above  statement 

(d)  Cutting  and  loading  brash 

{e)  Loading  material 

(/)  Raising  and  moving  sunken  driver 


26,367  42 
16. 310  87 

482  86 
1,309  99 

660  62 
448  61 
482  19 
252  23 


Total 46,314  79 


«,046  piles  driven,  at  f  1.725—  . 
5,:^)  braces  put  on,  at  $l.l57-f- 
3,193  stringers  hung,  at  f  1.96-f- 


13, 876  69 
6,231  17 
6,259  56 


Total 26,367  42 


Labor,  cost  i>er  100  linear  feet,  2-row  dikes 
Labor,  cost  per  100  linear  feet,  3-row  dikes 

176  ENG 


81  43 
120  87 
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For  188iJ-*83  the  coat  of  the  same  class  of  work  was  $129.40  for  a  dike  of  two  rows. 

Avorago  cost  per  100  square  feet  foot-mat  between  piling : 

Making : $1,313 

Sinkini; 586 

Sl.ffl9 

A verag*'  cost  per  100  Hqiiare  feet  wattling -00 

Averaj^c  cent  ])er  100  square  feet  tip-grillai^e  wattling *J10 

Average  number  piles  driven  per  day  per  driver,  while  working,  llj. 

Very  resj>ectfiilly, 

C.   P.   KUPLK, 

United  States  Asaiittaut  Engin€«r. 

Arthur  Hider, 

Assistant  Engineer  in  charge. 


H5. 

REPORT   OF  E.  C.  TOLLINGER,  ASSISTANT  ENGINEER,   UPON  LEVEES,  VICINITY  OF  ILLA- 

WARA,    LOUISIANA,    AND   SKIPWITH,   MISSISSIPPI. 

Wilson's  Point,  La.,  October  1,  iNiJ^. 

Sir:  During  the  high-water  season  I  was  dt'tailed  on  special  duty  on  lovees  in  the 
vicinity  of  Iliawara,  La.,  an<l  »Ski.pwith,  Miss.,  where  danger  of  breaks  was  immi- 
nent, superintending  the  niu'cssary  protection  work  done  by  the  Government  at  the 
Ibnncr  hK-ality,  and  att<'nding  to  other  duties  connected  with  the  levees  during  the 
flood. 

On  April  ii:>  I  ti>ok  charge  of  the  piU'-driving  force  then  at  work  ou 'Cottonwood 
Bar  during  Assistant  Engineer  Ruple's  absence  on  sick-leave.     This  work  was  iinidhed 


—  J — ^,      —  .  —  -. — ..  „, — , —  —  _ — _ 

BaleslH'd  Chuir,  abovr  the  head  of  Stack  Island,  begun.  This  work  was  well  under 
way  wlien  Ashistant  Engineer  Kuple  returned,  June  20. 

In  the  mean  time,  a  gap  broke  through  main  Baleshed  Dike  below  No.  r>,  and  was 
continually  increasing  in  size,  with  a  ra]>id  current  llowing  through.  A  forc«  of  pile- 
drivers  was  ])ut  to  work  closing  the  break  in  this  dike. 

All  work  lUuie  by  me  from  April  *2'A  to  .June  20,  while  I  was  temporarily  in  charge 
of  the  party,  is  inchnled  in  Assistant  Engineer  C.  P.  Ruple's  report.  On  July  1  a  sep- 
arate party  was  organized,  and  the  following  work  done: 

MAVKKS^^LLK   SYSTEM. 

Dike  No.  1  rf]>aired.  The  work  done  here  was  to  close  the  break  made  during  the 
IhxKl.  which  was  done  by  a  dike  in  front  of  the  gai»and  a  thick  foot-mat. 

BALKS11E1>   SYSTEM. 

Main  dike  from  'A  to  r>,  to  protect  dike  driven  in  iJr^i,  which  showed  signs  of  weak- 
ness. Dikr  immediaiely  ln»low  No.  5 — to  close  bn*ak,  foot-mat  made  from  3  to  6,  in- 
cline grill.-igc  built  from  5,  crossing  the  break,  to  retard  the  flow  of  water  pasfling 
tlin>ii>rh  the  g.'ip.  In  front  of  this  gap  some  old  condemned  coul-bnrges  weiv  snnk. 
TIk.' deep  Wilt (M*  and  strong  current  passing  through  the  break  while  this  work  wai 
bring  <loin'  rendfre<l  it  exetedingly  dirticult  and  costly.  Assistant  Engineer  Sten- 
!>ing's  force  was  placcil  in  my  charge' August  1,  he  having  l>e«n  assigned  to  other  work. 
The  construction  of  toot-mats  was  completed  at  this  locality  and  on  August  9  the  force 
transferred  to  Wilson's  Point,  and  has  since  been  engaged  in  loading  rock  from  the 
bank  tor  use  .-it  Pihlier's  Point.  Thus  work  has  been  done  during  tne  hot  weather 
with  a  small  torcc,  it  Itcing  inipossibk*  to  retain  men  at  wheeling  rock  when  other 
work  could  be  obtained,  and  has  been  ibme  at  a  very  considerable  disadvantage. 
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The  statements  below  show  the  locality  and  amount  of  work  done  from  July  1  to 
October  1,  1864 : 

DIKEWOEK  (PILE-DRIVING). 


Location. 


Description. 


I 

I  Driven  since 

'  July  1,  1884. 


Mayersville 
BalVtiheil . . . 


CroHS-dike  1 ■ 

Mam  dike  between  3  and  5 ; 


Baleshed t  Main  dike  below  5. 


Feet. 

649 

i.r)08 

1,103 


Total 


3,320 


Bemarks. 


Cloning  bivaks. 
Protection  dike. 
GOO  of  this  closes  break. 


2-n>w 
3-row 
4-row 


Feet. 

590 

.  2.049 

681 


Total  .-. 3,320 

DIKE  WORK  (BRUSH). 


Locality. 


Foot-mut  between  piling. 


Made. 


Sank. 


Tipped  screen. 
Made.  Sunk. 


!  Revet- 
'  ment. 


i  Linear  Square  Linear   Si^uare ;  Linear  ,  Square  I  Linear .  Square  Square 
I    feet.        feet.        feet.        Jeet.    \    feet.     I    feet.     \    feet.        feet.        feet. 
MayersvilleNo.  1,  iK'tween  I  I 

3  and  6      I        .597     20, 010  i        ."iDT  20, 010 

BaleshedmaindikiJ  '     1,975,67,005  1     1,975  67,005 

'Balesheil  main  dike  bolow 

5 ; 


Total 


2,  572     87,  075  ;    2,  572     87,  075 


1 
1 

^ 

6,300 

882 

39,690  1 

882 

39,690  . 

39,690 

1 

882 

39,690  1 

882 

6,300 

The  followiD«^  !?»  a  summary  of  the  amount  and  cost  of  labor: 

Amount  of  pay-rolls i $6, 311  13 

Subsistence 1,612  36 


Total 7,923  49 


1,246  piles  driven,  at  ^2.51+ : 8i^,0r>5  05 

40H  .stringers  in  place,  at  S1.62-f 6(i0  99 

1,(K)0  braces  in  iMMce,  at  51  cents-j- '^^14  60 

H7U.75  sijuares  loot-mat,  at  8l.li'>4- 1,001  36 

3:H).9  sfiuares  t  ipped  screen,  at  $1.05 416  74 

6:?  squares  revetment,  at  §1 63  00 

3,t>93  tubic  yards  stone,  loaded,  at  42  cents-]- 1, 687  70 

Sinking  barjjes,  gap  in  Balesbed 148  05 

Mis<:ellau<'ous,  loading  pile.s,  and  repairs  to  drivers 276  00 

Coaliujif  steamboats 100  00 


Total 

Respectfully  submitted. 


Arthur  IIidkr, 

Assistant  Engineer  in  charge. 


7, 923  49 


E.   C.   TOLLINGER, 

Assistant  Engineer. 
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H6. 

BEPOKT  OF  E.  D.  xnOMrfcJON,  ASaiSTANT  EXGINKEK,  UPON  8URVET8  LAKB  PRO\1I>E5CI 

KEACII. 

Wilson's  Point,  La.,  October  4,  l^riA, 

Sir  :  The  following  report,  from  November  1,  1883,  to  October  1,  1884,  is  respect- 
fully submitted: 

FIELD  WORK. 

Gvntral  survfyx. — Three  of  thise,  eacli  extemlingfrom  AKbton  to  Point  Lookout,  hftvo 
been  received,  viz,  two  at  medium  Ktage,  in  February  and  July,  and  one  at  flood  Htage 
m  A]»ril,  I'^r'l.  Tbey  incluiled,  besides  the  hydrography,  the  determination  of  i haii^wt:* 
in  Bhore-liues  eaused  by  eaving  banks,  and  th«  location  of  exposed  baiu  and  of  itiD- 
struclion  works.  Eighty  regular  ranges  wen?  sounded  for  each  survey,  the  mnnd- 
iugs  being  located  by  either  bcxlant  or  transit  angled.  For  the  February  survey,  the 
shore-line  was  re-run  on  both  sides  of  the  river  tho  entire  length  of  the  reach. 

SPECIAL  SURVEYS. 

These  have  been  made  fnr  two  i>urpoKes:  First,  to  detcnnine  the  iills  aud  scours 
duo  to  ihi)  contraction  works,  and,  second,  to  ascertain  **  whether,  in  a  well-marked 
bend,  where  then*  are  caving  l>anks,  tluire  is  a  deposit  during  fall iug  stages,  and,  if 
so,  its  amount  and  character,  antl  couvei-sely  if  a  scour  takes  place  during  rifriDg 
stages." 

For  the  tirst,  complete,  local  surveys,  including  cross-section  and  longitudinal  sonad- 
ingH,  were  matle  immediately  i)rece(ling  fbo  construction  of  any  m^w  works,  and  also 
for  the  works  sramling  November  1,  18!r.%  the  observations  In^ng  freciuently  re- 
peated to  ascertain  the  ell'ects. 

For  the  secon<l.  three  ranges,  each  I, (Mil)  meters  apart,  were  selected  in  Louisiana 
Bend  and  sounded  fre(|nently  during  rising  and  falling  stages.  Those  surveys  com- 
menced February  4;  they  were  repeated  as  frequently  as  possible  during  the  rise 
of  that  month  and  in  March.  From  .Tune  to  October  tlu\v  weit*  con  tinned,  but,  owing 
to  the  lluetuatiiig  stages  of  the  river  during  tluit  time,  now  rising  and  then  falling, 
it  is  not  desirable  to  bas<^  general  deduction  upon  tho  results  of  the  latter  surveys. 

A  table  accompanying  tbis  report  shows  some  of  tho  results  obtained. 

DISCHARGE  OBSERVATIONS. 

In  accordance  with  instructions  received  from  Capt.  W.  L.  Marshall,  a  section  for 
the  measurement  of  discharge  was  located  at  Wilson's  Point  in  November,  1883. 

Tho  observations  have  been  made,  in  point  of  time,  as  follows: 

When  tho  river  was  below  mid-stage  (18.2  L.  P.  gauge),  once  per  month;  when 
above  mid-stage,  once  per  week. 

During  the  flood  stage,  in  March,  they  were  made  daily  or  on  alternate  days  until 
the  maximum  disi'harge  had  been  determined. 

This  was  l,ir)l,*-i:M)  ciibic  feet  per  second,  with  a  mean  velocity  of  G.2002  feet  per 
second  (L.  P.  gauge,  :<::^.ll). 

All  the  velocity  observations  were  taken  with  a  W.  G.  Price  cnrrent  meter,  need 
from  a  catamaran  in  the  usual  manner.  No  anchorages  were  used,  tho  apparatus  be- 
ing  lu^ld  in  ])lace  by  a  steamboat.  Kleven  velocity  verticals  were  used  for  each  eetof 
observations,  the  data  taken  at  each  vertical  consisting  of  a  nm  of  five  consccntive 
minutes  at  mid-depth  and  an  integration.  The  velocity  stations  are  located  on  the 
discharge  section  by  ranges  on  shore  making  angles  of  45°  with  it. 

With  a  small  stern-wheel  boat,  no  trt>uble  was  experienced  in  maintaining  any  de- 
sired iK)sitiou  in  the  river. 

When  located,  the  section  crossed  the  bead  of  Cottonwood  Bar»  hut  the  movemeni 
of  this  bar  downstream  has  sinc(>  been  quite  rapid,  the  result  being  to  moreneuly 
equalize  the  depths  on  the  entire  section.  In  connection  wiih  the  discharge  obflerra' 
tious,  bench-marks  were  established  on  both  banks  for  tho  determination  of  loeil 
slope.  The  gauge  used  by  the  ol>servati<m  party  at  Hays'  Landing,  in  l881-'tiS,  WM 
also  re-established,  in  order  thai  ccmiparisons  might  be  made  between  the  obeeir- 
ations  tifken  llier«'  the  previous  season  and  those  at  Wilson's  Point.  In  all,  thirty- 
four  measurements  have  hern  nia(U'.  Maps  showing  the  following  curves,  Til,  ve- 
locity, area,  dischjiige,  mean  <le|>lh,  and  iin.»aii  velocity,  derived  from  the  obterrt- 
tions,  tDgether  \\  ith  tlu'^r  of  the  l.aKe  I'rovidenceand  discharge-section  gauges, iicctiiB- 
pany  this  report,  also  a  table  of  results  obtained. 
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SLOPE  OBSERVATIONS. 

These  were  taken  at  twelve  stations  on  the  reach  from  Carolina  to  Hays'  Landing 
the  diMtances  between  the  stations  averaging  about  3  miles ;  four  complete  sets  have 
been  obtained,  Including  a  series  of  high-water  marks  for  1884.  Their  elevations  re- 
ferred to  zero  of  L.  P.  gauge  are  as  follows : 

Feet. 

Carolina  Landing,  Miss 46.493 

Ashton  Landing,  La 45. 596 

Pilchcr's  Point  Landing,  La 43. 487 

Wilson's  Point  Landing,  La 41.698 

Mayersville  Landing,  Miss 41.303 

Lake  Providi'uce,  La 38.400 

A  Shipland,  Miss 36.539 

Hays' Landing,  La 34.900 

The  elevation  of  the  mark  at  Hays'  Lauding  for  1884  is  0.117  foot  higher  than  for 
1882-,  and  is  attributed  to  backwater  from  the  Yazoo  River.  The  gauge  records  show 
that  while  at  Wilson's  Point,  March  11  and  24,  the  gauge  heights  were  the  same,  at 
Haytt'  Landing,  on  March  24,  the  gauge  was  0.95-|-  foot  higher  than  on  tbe  11th  instant. 

GAUGES. 

At  Wilson's  Point  and  Lake  Providence,  gauges  have  been  maintained  throughout 
the  eleven  mouths.  New  gauges  were  established  as  follows:  Carolina,  June  12, 
1884 ;  PUcher's  Poiut,  June  12, 1884 ;  Hays'  Landing,  February  12, 1884.  The  Pitcher's 
Point  gauge  was  diMcoutinued  on  account  of  caving  banks.  The  four  remaining  gauges 
are  read  twice  daily  and  reports  rendered  by  the  observers  every  ten  days. 

BOSCRLLANEOUS. 

A  rigid  basis  for  maps  has  been  kept  up,  including  new  triangnlation  where  neces- 
sary, repairing  an^ re-establishing  ranges,  and  the  determination  of  elevation  for  new 
bench-marks  where  caving  has  occurred. 

The  systems  of  dikes  have  been  resurveyed,  construction  works  located  for  progress 
sketches,  &c. 

A  survey  of  Greenville  Harbor  was  made  in  September  by  a  portion  of  the  party  in 
charge  of  Assistant  Engineer  C  P.  Kuple,  who  has  submitted  a  report  on  the  same. 

During  August  and  September,  souudiugs  were  taken  on  the  shallow  crossings  of  the 
reach  every  u*u  days.  The  depths  reported  are  the  least  found  in  a  channel  1,000 
feet  wi<le.  The  crossings  sounded  were,  first,  from  A  MacMillan  (Elton)  to  foot  of 
Stack  Island, and  second,  from  Ben  Lomond,  Miss.,  to  Shorts,  T^a.  Oii  the  lirst,  in  the 
channel  usually  run  by  steamboats,  not  less  than  15  fet^t  was  found  at  any  time,  and 
recent  soundings  (October  2,  1884)  show  a  least  channel-depth  of  21  feet  (L.  P.  gauge, 
6.00). 

The  cost  of  the  party  for  eleven  months  has  been  as  follows : 

Amount  of  pay-roll $10, 356  65 

Subsistence 1,957  36 

Total 12,314  01 

Average  cost  per  month 1, 119  45 

Which  amount  does  not  include  value  of  coal  burned  by  steamboat. 

OFFICE   WORK. 

One  hundred  and  ten  maps  and  159  tracings  have  been  made,  including  progress 
sketches.  In  addition,  the  discharge  measurements  have  been  computcil,  and  the 
special  surveys  reduced  by  ])lani meter,  and  tables  of  results  prepared  and  submitted 
(to  June  8,  lt584);  besides  this,  a  variety  of  miscellaneous  work  has  been  done,  in- 
cluding a  complete  index  of  all  max)s  and  note-books  belor.ging  to  the  party  and  the 
Wilson's  Point  oflice. 

Summary. 

General  surveys  of  reach 3 

Special  surveys ^ , 73 

Discharge  measurements • 34 
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Slo])(>  obserx'.jtioiia sets..  t 

^Shore-lines milefl..  IU4 

Ja'N'c'Is , do.. .  45 

A  built , - 8 

A  located • -J 

CroHH-weotion  souiidiu^s  (number  located) 22,841 

L<)ii«j;itudmal  soiiiidinys 2,50*2 

M;H»s  made ........* --.  110 

Tracinjjfs 159 

STAGE  OF  RIVER. 

Tb<;  river  was  above  mid-stage,  viz,  18.2  feet,  L.  P.  gauge,  two  hundred  and  tliirty- 
niiio  <lavs,  cm  the  follow  in  jj:  dates,  viz,  November  18,  25,  28,  December  2t»,  lbc»3,  and 
Decrmllor  :U,  IHr^:),  toJuIv2«,  18e4. 

Feet 

Hi«;licht  reading,  L.  1\  gauge,  March  23,  1884 .• »*.4l» 

LowoHt  nading,  L.  P.  gangi',  September  30,  1884 r>.K> 

Oscillation  of  river 32.riri 

Mean  stage  of  river  fnmi  November  1,  1883,  to  October  1,  1884 24.07 

CAVIN'G  BAXKS. 

Lon'iniana  Jieml. — The  length  (jf  caving  bank  in  this  bend  extended  during  the  flood 
stagt'  JVom  Kange  is  to  Kange  2<).  17,U2U  feet.  The  maximum  amount  of  caving  oc- 
curred <m  Kange  21,  viz,  l,n(K)  feet;  average  annual  rate  was  575  feet. 

This  bank  has  sinee  been  mattressed  nearly  to  Range  22.  TJie  channel  followeil 
th<\  eaving  bank  closely,  Sarah'rt  Island  bar  enlarging  aeeordingly.  The  di^pest 
sountling  taken  in  the  bend  during  Hood-stage  was  151  feet  on  Range  IH. 

Th(»  current,  was  then  very  swift  with  large  wliirls  and  eddies  near  the  Louinana 
shore.  The  decrease  in  datum  area  on  Range  18  from  F<;bruary  4,  1884  (L.  P.  gauge, 
21.S),  to   February  2*i,  1HS4  (L.  P.  gauge,  37.45  feet),  was  l^r^O  square  feet. 

N(>  caving  occurre<l  on  Miis  section.  On  Range  22,  where  heavy  caving  took  place 
<luring  the  same  tiuns  the  incr<»ase  of  datum  area  was  ll,i>d8  squar^feet. 

lidN'jtfi  1)1  io  :'.  1,  MissiHfiipjii  {Inland  Xo.  92). — The  eaving  in  this  locality  ia  not  at  all 
si'rioiis.  exj'cpting  perhaps  at  A  C'ordell,  where  it  extends  back  liOO  fe<;'t.  No  recent 
survey  has  be«'ii  made  to  d(  1  ermine  its  rati*.     Length  of  eaving  hank,  5,<)70  feet. 

Uinnjcs  :w  lo  41  i.,  Jjnimanu. — Length  of  caving  bank,  .'>,(>60  feet;  annual  rate  of  cav- 
ing, 1: 0  teei. 

livlow  month  of  Puumuslnf  (liitfe,  Mimnfiffippi. — The  eaving  along  this  bank  Itcgan  in 
November,  and  has  contiuutMl  more  or  less  ever  sinee.  Leugth  of  caving  bank,  8,350 
leet  ;  annual  rate,  175  feet. 

Lonfftrood  Frovt. — Length  of  eaving  bank,  11,000  feet;  annual  rate,  125 feet. 

JiatnffH  H*2  to  ."'H  (Monlfiomtrtf'H^  /.«.).— During  the  rising  stage  in  January  andFebm- 
ary,  H"*4,  rai)id  eaving  took  jilace  iu  this  locality,  destroying  the  old  levee.  Length 
ol"  eaving  bank.  10.420  leet;  annual  rate,  275  feet. 

Shiplaud  Front,  lianffcH  94  to  UK). — Slight  eaving  occurred  here  during  the  flood-et^jce. 
Length  of  eaving  bauk,  <),(j()0  feet ;  annual  rate  of  caving,  125  feet. 

CHANGES  ON   REACH. 

Diincannh)/  Clmtf. — I'pjjor  I)uncansby  Tow-head  was  entirely  Trashed  away  in  Feb- 
ruarv  and  Slarch,  l^rl ;  a!  the  sanu;  time  a  till  took  i)lace  in  the  chute  below,  amount- 
ing to  l.fKif)  ij'ci  on  a  section  bi*tweeu  Dikes  (>  and  7. 

For  coniparison,  six  sections  were  selected,  Range  35  above  the  dikes,  Ranges  368^ 
117  s.  above  and  below  Dike.  No.  (j,  and  Ranges  40, 41,  and  42  in  the  chute  above  Skip- 
wit  h  Landing. 

The  follow  ing  statement  shows  the  average  amounts  of  fills  that  have  taken  plaee 
on  the  sections  between  the  specilied  dates: 

Average.  Deecimber  :?,  18.S3,  to  June  5,  1884 : 

Range  3<)  S 4.48 

Range  :;7S , 10.35 

Average,  Xov<'inber  14,  A^^Wj  to  June  5,  1884: 

Kange  .lt>    2.58 

liange  41 3j,57 

Range  42 ^a,8» 
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The  low-water  chanDcl  is  now  where  the  upper  tow-head  formerly  was. 

COTTONWOOD  BAR. 

The  construction  of  contraction  works  on  this  bar  during  the  high  stage  has  had  the 
eft'ect  of  building  up  a  large  bar  behind  them,  and  of  throwing  the  channel  directly 
into  the  bend  of  Island  No.  93. 

MAYKR8V1LLE   CHUTE. 

Four  sections  have  been  sounded  for  comparison  in  this  chute,  viz,  one  about  500 
fet»t  above  the  cross-dike  and  three  below^,  from  500  to  850  feet  apart. 
The  (like  consists  of  live  rows  of  piling,  with  a  heavy  drift  accumulation  in  front. 

From  November  14, 1^83,  to  Juno  4, 1884: 

Feet 

Range*  jV^  shows  a  scour  of 3. 16 

Range  A  shows  a  scour  of , 5.53 

Range  H  shows  a  scour  of 1 1.76 

Range  iy.\  shows  a  till  of 1. 18 

Range  A  is  located  below  the  di^e,  and  the  large  amount  of  scour  is  due  to  a  break, 
which  occurred  April  21,  next  Mayersville  Island. 

•  BALESHED  CHUTE. 

In  this  chute  four  ranges  were  selected  for  comparison. 
From  December  5, 18f»3,  to  June  6, 1884: 

Feet 

Range  (50  S  shows  a  fill  of 4.53 

Range  C.l  S  shows  a  till  of 4.38 

From  November  10, 1883,  to  June  6, 1884 : 

Range  04  A  shows  a  scour  of 2.3 

Range  6.")  A  shows  a  fill  of : 22 

At  the  upper  end  of  the  chute  the  cross-dikes  extend  from  the  main  dike  to  the  Mis- 
His.sip])i  shore ;  while  at  the  lower  end  the  depth  of  the  water  is  such  that  the  dikes 
cannot  be  driven  across.  The  Baleshed  Bar  has  increased  both  in  width  and  length, 
its  Mwer  extremity  bring  now  within  200  meters  of  the  head  of  Stack  Islalhd,  with  a 
width  of  G'O  meters  on  Range  72  (L.  P.  gauge,  6.05  feet). 

STACK  ISLAND  CHUTE. 

Three  sections  have  been  selected  for  comj>arison  ranges,  71  and  72  both  extending 
across  the  rivrr,  and  Range  73  in  the  chute  proper. 

From  February  5  to  Anril  2:i,  18!:'4,  during  the  rising  and  high  stages,  a  slight  scour 
of  .H4  toot  took  j)laoe  in  the  chute ;  on  Range  72,  inside  the  dike,  the  fill  averaged  2.62 
fe«'t  ;  on  Kange  73,  an  average  scour  of  10.5  feet  took  place. 

On  Se])teml)er  24,  I'^Hl,  the  deepest  water  found  on  Range  72  (below  the  cross-dike) 
was  O.H  foot,  aud  on  Range  73,  47  feet  (L.  P.  gauge,  0  feet). 

A  tabular  statement  showing  results  of  comparative  surveys  is  submitted  herewith. 

MAYERSVILLE  ISLAND. 

During  high  water  about  1,800  feet  of  the  lower  end  of  the  island,  consistiDg  of  a 
very  narrow  strip  between  the  chute  and  the  main  river,  was  washed  away. 

MISCELLANEOUS. 

No  low-water  survey  has  yet  been  made;  hence  a  direct  comparison  of  the  reach  for 
the  lo\\ -water  stages  of  lH,-<:{  and  1884  cannot  be  made  at  this  time. 

The  ]>i(>gress  nia]>s  ac<Munj>a!iying  annual  report  show  all  dike  and  mat  work  con- 
structed since  the  beginning  of  improvements  and  standing  October  1,  1884.  Also  6- 
foot  contour  lines  (L.  P.  gauge)  as  they  were  in  December,  1881,  before  construction 
work  coniiiieuced,  and  in  July,  1HH4. 

The  maps  of  comparative  sections  at  Pilcher's  Point,  Ranges  14,  16,  18,  20,  22,  and 
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24  arc  taken  from  surveys  of  April  5, 1883,  September  12, 1883,  April  17, 1884,  and  July 
8,  1^84.  Construction  work  was  begun  in  this  bend  about  September  1,  1883,  and  is 
now  in  pn)gre8s. 

The  sections  showing  changes  in  chutes  are  tram  Hurfeys  of  December,  1881,  and 
April  and  July,  18-^4,  before  and  after  dike  constractioiL 

A  map  of  the  July  general  survey  on  scale  of  1 :  50000  is  also  submitted  herewith. 

The  steam-launch  Nellie  was  used  by  the  party  until  she  was  sunk  December  31, 
If^S'Af  by  striking  a  submerged  snag,  f'rom  January  to  June,  1884,  the  tow-boats  on 
the  reach  were  used  at  various  times  for  soundings  and  gauging  operatioiia.  In  June, 
18^,  the  steamboat  Meter,  designed. and  built  for  the  use  of  the  party,  arrived,  and 
has  been  used  constantly  ever  since,  giving  entire  satisfaction. 

In  .January,  1^4,  a  case  of  small-pox  appeared  on  the  quarter-boat,  rendering  it 
netiessary  to  organize  a  new  party^  delaying  the  work  nearly  three  weeks. 

To  my  assistants,  Messrs.  Ritchie,  McNulty,  Vansiokle,  Reed,  and  Lowegren,  I  am 
indebted  for  valuable  and  efficient  services  rendered. 
Very  respectfully, 

£•  D.  Thompson, 
United  States  AseUiamt  Eng^imtr. 

Abthur  Hider, 

United  States  Assistant  Engineer  in  charge. 


H7. 

Summary  of  discharge  observations  taken  at  Wilson*s  Pointy  LovMama^  flrom  Ifovemtber  1, 

1883,  to  October  1,  1884. 


Date. 


1883. 


November  27-28 
Dooomber  10 


1884. 


Jjimmry  30-:il 
F«'I)riiarv  jr» .. 
Fchiunrv  2(i . . 
FMnujirv'JT.. 
r«'bruary  28  . . 
I't-brniiry  2U  . . 

^lin'li  :i 

March  6 

March  Jl 

M:m-h  i:{ 

March  17 

Manh  ID 

M.iich2I 

March  24 

!March  *J<» 

Marrh28 

-Ajiril  r> 

Apiil  12 

April  10 

Aiirirjl 

Mav:{    


M.iv  10    

Mav  10 

^la y  27  

JllIU"  It 

Juiuj  17 

Junc2:{ 

Jiiiio  2H 

Julv7 

July  22 

AiifXUAt  14  ... 
September  17 


1&40 
24.36 


8quar€fe§L 
118,480 
181,977 


25.30  1 

128,143 

34.75  1 

101,023 

37.48  ■ 

173,689 

37.60  : 

170, 769 

37.00  i 

172.887 

37.72 

178,380 

37. 72 

174. 284 

37.87 

183,870 

38.11  i 

185,670 

38.12  : 

182,880 

37.86 

188, 332 

37.97  . 

183.808 

38.29 

185.504 

38.39 

188,420 

38.25  ' 

186.263 

8a05  ' 

186.464 

37.00 

188.202 

30.68  , 

189.008 

80.69  • 

186. 570 

30.72 

188.164 

36.51 

192.082 

30.53 

180,430 

H&33 

185,100 

34. 35 

178,  mo 

24. 50 

148. 0(H) 

24.  iW 

140, 201 

25.  50 

150,  WtO 

24.39 

145. 900 

21.00 

132. 7:'0 

18.90 

132,  900 

14.  95 

114,830 

7.16  1 

00,710 

4.418 
5.102 


6.214 
6.487 
6.052 
6w085 
5.087 
&054 
6.030 
5.014 
6.200 
6.131 
6.080 
.^846 
6.622 
6.580 
&611 
&477 
&617 
6.  .V-\"> 
6.704 
6.006 
6.504 
6.003 
&641 
6.140 
4.160 
4.386 
4.290 
4.270 
4. 264 
i.100 
8.480 
2.073 


DiKsliarge  p«r 


OuMefmL 
501,385 
685^244 


66^.304 
8881,481 
1.  (I3J.  216 
1,0:H».292 
1.035. 117 
1, 002. 144 
1.0:{5.i:f0 
1, 087. 561 
1,151,230 

1,]21.3:hi 

l,008,0:C 

1.071.7(8 

1.024.4.V) 

].Oi<a.2i2 

1,045.166 

1.021.260 

],0:t8,454 

1,047.741 

].0<M.339 

1.054.786 

LOTS,  820 

1.011.01*7 

1. 02.\  TG2 

Ol.'i^  12B 

015.  i:» 

641.124 

648,  D;S 

<»:i.064 

500^011 

6401  Ml 
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COMPARATIVE  SECTIONS. 


LOUISIANA  BEND-RANGE  18. 


Datau 


1884. 

February  4 

Fobraary  11 

February  13 

February  16 

February  18 

February  22 

February  26 

Februury  29 

Marcb28 

April  17 


W.  S. 


31.15 
37.11 
38.92 
40.50 
41.30 
4-».  65 
43.  55 
43.70 
43.45 
42.90 


L.P. 
gauge. 


24.81 
31.55 
33.57 
35.35 

36.  30 
37.45 

37.  49 
37.72 
38.06 
36.65 


Areas  be- 
low datum. 


Squarefeet 
2-19. 500 
229, 144 
239,  880 
228, 106. 4 
250,  966. 4 
247, 680 
249, 080 

.  223.531.2 
226,800 
225,  976 


Scour. 


1, 406. 4 


LOUISIANA  BEND— RANGE  22. 


Fill. 


20.416 
9.680 
21,453.6 


1,880 

480 

26,028.8 

22,760 

23,584 


February  4. 
February  10 
February  13 
February  16 
February  18 
February  22 
February  26 
February  29 
March  28... 
April  17... 


80.95 
3.').  94 
38.55 
40.20 
41.00 
42.35 
43. 25 
43.40 
4.3.15 
42.70 


24.68 
30.80 
3.3.54 
35.35 
36.30 
37. 43 
37.48 
37.72 
38.05 
36.65 


281, 632 
281. 280 
286. 160 
297,  200 
299, 440 
293.  320 
272, 208 
259, 760 
269,  328 
244,087 


4,528 
15,568 
17,808 
11,688 


352 


9,424 
21, 872 
12,304 
87,645 


DUNCANSBT  CHUTE-RANGE  37  S. 


Datew 


1883. 
I>ecember  3.. 

1884. 

February  4    . 
Atarch  13  ... . 

April  8 

April  17 

Juue  5 


Date« 


1883. 

Nov«'nib*Tl4., 
November  23. , 
December  4 . . . 


1884. 


Febmaiy  4 
March  13  . . 
April8  .... 
April  18.... 
Juni* 


.> 


Water  apr- 

&oe,  Wil. 

son's  Point 

gauge. 


24.25 


25.05 
37.72 
36.59 
36.52 
27.30 


Below  Dike  No.  6. 


Areas  below 
datum. 


Square  feet 
44,160 


Scour. 


Square  feet.  Square  feet 


FiU. 


41.945 
34,373  |. 
33,867  ' 
31.440  I. 
26,773  j. 


2,215 

9,787 

10, 293 

12,  720 

17, 387 


DUNCANSBY  CHUTE.— RANGE  41. 


Water  sur- , 

face,  Wil-  I 

son's  Point  i 

gauge.      ! 


1,000  meters  below  Dike  No.  8. 


Areas  below 
datum. 


1&1& 
20.15 
24.85 


25.05 
37.72 

36.59 
36.52 
27.30 


Square  feet 
64,020 
65,792 
63,800 


64,920 
53,680 
51, 232 
47,960 
45,440 


Scour. 


Square  feet. 


Fill. 


872 


Square  feet. 


1,120 


000 
1,240 
3,688 
6,960 
9.480 


Width  of 
section. 


Feet. 
1,680 


Average 

depth  of  fill 

beluw  datum. 


Feet. 


1.32— 

5.82-f 
6.13- 
7.57^ 
10.35- 


Widtb  of 
section. 


Average 
depth  of  fill 
below  datum. 


FeeL 
2,660 


FeeL 


0.42 


0.47— 
1.39+ 
2.63— 
3.67 


Note. — The  first  Borvey  on  each  section  is  taken  as  the  unit  of  comparison. 
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MAYERSVILLE  CHUTE-RANGE  52. 


November  14 
November  27 


FebiTjarv  5 
Mar<*h  10  . . 
April  21  ... 
May  10  .... 
June  4 


Date. 


1883. 


1884. 


Water  Bar- 
face,  Lake 
Providence 
gange. 


16.83 
18.03 


24.50 
38.10 
36.80 
36.52 
28.30 


Areas  be- 
low datum. 


Scour. 


Square  feet.    Sq.ft. 
26, 373 
30,667 


29,840 
28,107 
28,480 
27,  227 
29. 413 


4,294 


3,467 
1,734 
2,107 
854 
8,040 


FUL 


Sq.ft. 


!    Average 
Width  of    depth  of 


section. 


Fe$L 
960 


fill  below 
datum. 


MAYERSVILLE  CHUTE— RANGE  A. 


November  14 
November  27 


Febmar^'  5 
March  10  .. 
April  21  ... 
May  10  .... 
June  4 


1883. 


1.<X>4. 


ia83 

18.03 


24.50 
38. 10 
36.80 
36.52 
28.30 


25,360 
24,134 


26.960 
26, 180 
26. 826 
28,747 
30,160 


1,600 
820 
1,466 
3,387 
4,800 


1,226 


870 


1.41 


MAYERSVILLE  CHUTE— RANGE  B. 


November  14 
November  27 


February  5 
March  10  .. 
April  21  ... 
May  10  .... 
June  4 , 


Novemb(!r  14 
November  27 


February  5 
March  10  .. 

April  21 

Jujie  4 


1883. 


1884. 


1883. 


1884. 


16.83  . 

18.  03 

24.50 

38.10  : 

36.80 

36. 52 

28.30 

25,493 
26, 934 


28,374 
27, 120 
26, 320 
27, 200 
27,067 


1,441 


2,881 
1,627 
827 
1,707 
1,574 


IdAYERSVILLE  CHUTE-RANGE  53. 


16.83 
18.03 


24. 50 
38.10 
36.80 
28.30 


27,920  i 
28,  254  ' 


29,360  j 
28.538  I 
28,533  I 
20,747  j 


Note. — Comparisons  ore  roa<lo  with  the  first  survey  on  each  section. 

BALESHED  CHUTE-RANGE  60  8. 


806 

334 

1,440 

613 

613 

1,173 

1.18 

December  5. 


Februarys. 
March  li . . . 
April  24  ... 
June  6 


Date. 


1883. 
1884.' 


I 

Water  snr- ' 
face,  Lake  ,  -  • 
Providence, 
gange, 


Inside  of  dike. 


Areas  be- 
I  low  datum. 


\Squnre  feet. 
24.15  28,027 

24. 50  28. 040 

38.03  24,913 

36.  72  22,  546 

28. 55  21, 680 


Scour. :    Fill. 


Sq.ft.     Sq.ft. 


13 


Width 
of  sec- 
tion in- 
side 
dike. 


FeeU 

1,400 


8,114  ! 

6,481 

6,847 


ATermfce 

depth  of 

fill  iDidde 

of  dikftb«»- 

lou  datoBD. 


IWC 


2.22+ 
8.91+ 
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BALESHED  CHrTE—RANGE  61  S. 


Date. 


Wat*ir  anr 

face,  Lake 

Providence 

gauge. 


DMM^inb^r  5 . . . 

1883. 

jFebmarv  5  .... 

1884. 

:^arch  14 

April  24 

WTone  6 

loside  of  dike. 


Areas  be- 
low datum. 


',  SquarefeeL 
24. 15  43. 680 


24.50 
38.03 
36. 72 
2tt.55 


Scour. 


Sq./est. 


Fill. 


44,186  506 

39, 233 
40, 480 
37,253 


Sq./e€t. 


4.447 
3,200 
6  427 


Width 
of  sec- 
tion in- 
side 
dike. 


1,466 


Average 
depth  of 
fill,  inside 
dike  be- 
low datum. 


Feet: 


3.03+ 
2.18+ 
4.38+ 


November  16 
December  5 . . 


February  5 
March  14  .. 
April  24  ... 
June  6 


1883. 


1884. 


BALESHED  CHUTE— RANGE  64  A. 


17.25 
24.15 


24.50 
38.03 
36.72 
26.  55 


41,226 
43.040 


43, 973 
47.680 
54.260 
45,120 


1,814 


2.747 
6,454 
3.034 
3,804 


'NOTK. — Comparisons  are  made  with  the  first  survey  on  each  section. 

STACK  ISLAND  CHUTE— RANGE  71. 


1,688 


Date. 


1884. 


Fobniarj'  5. . 
I'ebniarv  18  i 
March  14.... 
Ai)i  il  'Si 


Water 

surt^ice, 

LakeProvi- 

dence 

gau^e. 


A  rea  be- 
low datum, 
insido  of 
dik«^ 


Scour. 


24.50 
36.  :iO 
H7.  03 
3C.80 


Square  feet  Sq./eeL 

92,160    

;  88,480    

92. 936  776 

94,  376  2. 216 


Fill. 


Sq./eeL 


3,680 


Width 
of  sec- 
tions. 


Feet. 
2.632 


Average 

depth 

of scour 

below 

datiim. 


Feet 


0.29+ 
0.84+ 


Average 

depth 

offUl 

below 

datum. 


FeeL 


L39 


STACK  ISLAND  CHUTE— RANGE  72. 


1881 
Frbniary  5.. 
Frbrnary  18. 
March  14... 
Apiil  23 


24.50 
36.30 
37.03 
36.80 


101,120 

2,4U 

■    i 

1 

90,904 

10, 216 

4.23+ 

101.860 

740 

3.06-f 

94,816 

6,304 

2.«1+ 

RANGE  73  CHUTE. 


1884. 
February  5. .. 
Febrnary  18.. 

March  14 

April  23 


24.50 
36.30 
37.03 
36.80 


81,600 
85.173 
92.040 
99,840 


3.573 
11,040 
18,  240 


1,721 


2.08— 

6.41+ 

10.504- 


NOTB. — Comparisons  are  made  with  the  first  survey  on  each  section. 
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H8. 

REPORT  OF  HKXRY  STEUBING,  ASSISTANT  ENGINEER,  UPON  COST  OF  UNLOADING  AND 

DISTRIBL'TING  STONE  ON  LAKE  PROVIDENCE  REACH. 

Wii-son's  Point,  Octoher  1, 1884. 

Sir:  The  following  ih  the  amouut  and  coHt  of  niiloadiii[^  Htone  from  barges  at  Wil- 
son's Point,  covorinjj  rcvotment  of  Muyersville  Island  with  stone,  and  foot-mat  work 
on  Stack  Iwland  and  Baloshcd  dikes,  done  by  the  party  under  ray  charge: 

4,813  cubic  yards  stone  unloaded  from  barges,  at  25  cents $1,203  75 

5,480  cubic  yards  stone  distributed  on  revetment,  Island  93,  at  50  cents 2,792  00 

252.5  8(]Hures  revetment  built,  repair  to  revetment,  Island  93,  at  57  cents  ..        143  92 

414  squares  foot-mat  constructed.  Stack  Island,  Baleshed  dikes,  at  $2 828  00 

330  cubic  yards  of  grading,  at  30  cents 99  00 

101  squares  shore  revetment.  Stack  Island  dikes ' 46  18 

5, 112  85 

Amount  of  pay-roll 3,858  45 

Amount  of  subsistence 1,254  40 

5, 112  85 

The  party  was  turned  over  to  Assistant  Engineer  Tollinger  August  1,  having  been 
assigned  to'  duty  at  Pilcher^s  Point. 
Respectfully  submitted. 

HbNRT  SXBUBINa. 

Auiitant  Et^fimear, 

Arthur  Hider, 

United  States  Assistant  Engineer  in  charge. 


H  9. 

REPORT  OF  n.  ST.  L.  COPP^IE,  ASSISTANT  ENGINEER,  UPON  WORK  AT  DBLTA  FODnT,  ZJL,, 

AND  VICK8BUKG  HARBOR. 

ViCKSBURG,  MiKS.,  October  10,  1884. 

Capt-ux:  I  have  the  honor,  in  accordance  with  instructions  mailed  uie  on  the  20tb 
ultimo,  to  submit  tht^  following  annual  n>port  of  work  under  my  charge.  Yon  instruct 
me  to  report  on  the  work  up  to  the  Ist  of  October,  but  as  it  will  only  take  to  the  lUth 
to  tin  sh  all  ihc  constructKm  that  will  be  needed  at  this  ]>oint  for  some  time,  I  liave 
included  tlu'se  10  days. 

At  the  tinu;  of  the  last  annual  n^port  a  survey  had  been  made,  and  the  resnlts  ze- 
cordiMl  tliertMU. 

Delta  Toint  was  in  most  part  intact  and  but  little  repairs  necessary.  The  inner 
harbor  had  tilled  to  such  an  extent  that,  in  spite  of  the  money  expended  in  dredging, 
Captain  Marshall  would  recommend  no  continuation  of  the  work  tliere,  nor  nobmit 
any  further  estimate  for  improvement. 

At  that  time  Delta  Point  was  unsettled,  as  shown  in  sketch,  the  only  weak  part 
being  at  the  projecting  mud  point,  where  mattresH  dike  was  built  2,U00  feet  below 
Delta  Wharf-boat  Laii(lin;j:.  It  was  estiniated  that  500  linear  feet  of  mattress  wonM 
repair  this. 

January  1,  with  an  outtit  from  Wilson's  Point,  I  commenced  the  constmcticm  of  a 
mattress  here  to  be  of  the  length  estimated,  but  the  weather  was  so  severe,  and  the 
water  at  such  a  high  stage,  that  no  attempt  was  made  otherwise  than  to  temporarily 
])r<'vent  the  caving  until  a  more  favorable  time;  this  was  accomplished  with  some  dir' 
ticulty  (hy  sinking  a  mat  \i^'.\  by  !(>:$  feet,  as  shown  in  sketch). 

January  10,  all  the  ])iaut  taken  from  the  Lake  I'rovidenco  Kea eh  was  i  returned 
and  no  more  work  thuu'  on  the  harbor  until  the  present  low- water  season. 

In  the  latter  part  of  June  you  directed  nie  to  make  a  survey  of  the  harbor  and 
Mississi])pi  Iviver  in  the  vicinity,  with  a  view  to  comparing  the  results  with  tltose 
obtaiiKMl  in  former  years,  and  also  for  the  purpose  of  ascertaining  the  condition  of 
the  work  already  <lone,  and  the  rei)air}fan(l  new  work  necessary  in  order  to  carry  oat 
the  general  jdan  of  improvement. 
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July  lOy  after  making  the  survey  I  seut  to  your  office  at  Memphis  a  report  on  the 
same,  accompanied  by  maps  and  estimate.  The  following  extract  from  it  will  sbow 
the  condition  of  the  river  and  change^  then  made : 

*'The  changes  that  have  occurred  since  the  last  survey,  made  October  of  last  year, 
in  the  main  river,  as  can  be  seen  by  studying  the  map,  are  as  follows  r 

**  The  sand-bar  above  Delta  Point  has  caved,  becoming  what  is  termed  a  bluff-bar, 
the  low-water  line  being  forced  towards  the  Louisiana  side  200  feet.  The  tail  of  the 
bar  has  been  moving  down-stream  each  year,  showing  it  to  be  some  hundred  feet 
below  the  position  occupied  the  year  previous.  Now  the  chauge  at  the  lower  end 
is  almost  imperceptible.  The  change  at  King's  Point  is  also  but  slight.  From  im- 
mediatel}'  at  the  point  just  above  the  line  of  the  old  river  bank  (see  map)  for  2,000 
feet  the  caving  bas  been  about  50  feet,  but  above  and  below  the  interval  there  has 
been  no  change.  The  soundings  in  the  vicinity  of  Delta  Point,  where  the  bank  was 
revetted,  show  a  Blight  diminution  in  depth,  duo,  I  think,  more  to  high-water  in- 
fluences than  any  other  cause;  a  few  weeks  of  low  water  will  deepen  the  water 
here  again.  The  bar  below  King's  Point,  through  which  West  Pass  was  cut,  and 
which  closes  the  entrance  to  the  Centennial  Lake,  has  been  partially  swept  away, 
the  low-water  line  being  to  some  extent  forced  back  towards  the  old  channel  of 
the  river  (northeast).  All  the  sand  which  originally  formed  this  mi(ldle  ground  or 
outer  bar  has  not  been  eflfectually  caved  away,  but  seems  to  have  moved  in  part 
just  below  its  former  position,  shoaling  up  slightly  the  river  in  the  vicinity  of 
the  P.  line  elevator ;  making  an  average  diftereuce  at  the  lower  landing  of  8  feet 
since  last  year.  Just  below  the  last  or  lowest  mattress  i>laced  at  Delta  Point  (on  the 
sand-bar)  the  bank  has  caved  to  the  extent  of  100  feet  at  a  point  (JOO  feet  below  old 
work,  and  150  feet  1,200  feet  below  old  work.  Delta  Point  proper,  where  mattresses 
were  placed  in  18^2  and  1883,  is  unchanged,  with  the  exception  of  one  or  two  points 
where  there  has  been  considerable  deposit.  About  1,200  feet  below  the  P.  line  ele- 
vator on  the  Mississippi  side,  the  bank  commences  to  cave,  increasing  as  you  go  down- 
stream, being  very  destructive  at  the  Refuge  Oil  Mill,  1  mile  below.  At  this  point  it 
has  cavcMl,  since  August  If^&Z,  800  feet,  being  now  within  ()G  feet  of  the  track  of  the 
L.,  N.  O.  and  T.R.  R.,  and  threatening  the  site  of  the  mill. 

*'  The  soundings  in  the  inner  harbor  show  the  changes  to  be  but  slight,  anddiflferent 
from  what  had  taken  place  in  former  years,  there  being  a  scour  from  Glass  Bayou  to 
Ryan's  upper  mill  of  about  1  foot — in  the  north  end  of  the  lake,  the  diflference,  if  any, 
lH?iug  less.  Below  the  upper  mill  there  is  a  fill  in  the  line  of  the  old  proposed  canal 
bed  of  channel,  varying  from  0  to  2  feet. 

*'  On  a  line  called  section  1  in  the  channel  near  the  river  side  there  has  been  practi- 
cally no  change  ;  on  the  same  line,  opposite  Point  of  Willows,  the  till  has  been  as  great 
as  4  feet,  and  half  way  to  West  Pass  b  feet.  At  West  Pass  the  difference  is  but  I  foot ; 
here  the  deposit  is  soft  mud. 

*'  To  recapitulate,  the  tendency  seems  to  have  been  for  the  river  to  approach  nearer 
its  ohl  bed,  cutting  away  the  sand-bar  above  Delta  Point,  which  commenced  to  form 
just  after  the  cut-off  in  1876  (and  had  up  to  this  year  been  gradually  creeping  down- 
strenui).  turning  the  thread  ot  the  current  once  more  towards  the  west  entrance  to 
the  Lake  Centennial  autl  sweeping  away  the  middle  bar,  which  last  year  projected 
out  in  the  river  some  difstance,  as  shown  on  the  map." 

As  statt^d  in  that  rejmrt,  I  am  of  the  opinion  that  this  more  favorable  condition  of 
things  wan  entirely,  or  in  great  part  at  least,  due  to  the  fact  that  Delta  Point  re- 
mained inmiovable  :  after  two  years  of  constant  endeavor  to  wa«h  it  away,  the  river 
had  been  forced  back  towards  the  old  channel. 

In  the  same  report  I  submitted  estimates  for  improvement  for  the  present  season, 
as  follows: 

Excavating  canal  basin  and  West  Pass  to  zero  of  gauge: 

Basin  :  Natural  slope  on  city  side  and  slope  8  to  1  on  other  side |i26,708  10 

Canal:  Slopes  same  as  basin 13,890  15 

West  l*ass:  Slopes  3  to  1 16,958  55 

Total 56,556  80 

Revetting  Delta  Point 25,000  00 

Au*;ust  1  theri^  was  on  hand  of  funds  belonging  to  this  appropriation  $1,723.32,  and 
an  allotment  which  had  just  been  allowed  by  the  Commission  for  improvement  of 
Delta  Point,  $25,000,  making  a  total  of  $26,721^.32  with  w^hich  to  patch  up  the  breaks 
(  w  hich  were  developing  on  the  receding  of  the  water)  and  further  revet  the  Point  at 
the  lower  end. 

August  2  an  outtit  arrived  here  from  Wilson's  Point,  with  which  work  was  com- 
menced, which  consisted,  as  in  former  years,  in  grading  the  bank,  sinking  mattresses, 
and  building  revetments  for*upi)er  bank  protection.  This  work  has  been  carried  on 
np  to  date,  with  the  result  shown  on  the  accompanying  map. 

At  first  it  was  i)roposed  to  use  $22,500  of  the  $25,(KK)  allotted,  in  revetting  1,50) 
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feet  of  the  bank  below  the  old  work,  and  the  balance  of  the  $25,000  in  patching  at 
the  upper  end  of  the  Point;  but  on  the  receding  water,  as  before  Btated,  80  many  new 
breaks  were  uncovered  that  it  was  found  necessary  to  take  much  more*  of  the  appro- 
priation for  patching  than  was  at  first  deemed  expedient. 

The  work  was  commenced  by  building  a  mattress  at  the  upper  end  of  the  revetment 
laid  in  188'^,  wheie  the  water  is  extremely  swift  and  th«  bank  was  being  undermined 
by  the  action  of  the  current.  Hero,  in  all,  nbout  700  linear  feet  of  mattress  was  sunk, 
and  the  bank  graded,  and  about  460  linear  feet  of  bank  revetted;  at  the  lower  end 
of  the  ])oint  (see  map)  600  linear  feet  of  mattress  was  sunk,  and  1,040  linear  feet  of 
bank  graded  and  revetted  :  in  all,  about  1,500  feet  of  bank  protected  with  willow  and 
stone.  The  ui»per  work  is  about  200  feet  wide  from  top  of  bank  to  outside  e<lge  of 
mat,  the  lower  being  nearly  300  feet.  At  first  the  grading  was  done  by  hand,  hut  this 
was  found  to  be  so  expensive  that  you  sent  me  a  hydraulic  grader,  which  proved,  as 
in  lc82,  an  enormous  saving  of  expense.  In  addition  to  this  work,  I  rcqutsted  per- 
mission, while  the  grader  was  here,  to  TJ?jike  an  atteui])t  with  her  to  open  West  Pass, 
in  order  that  I  might  get  stone  from  the  (piarries  at  Vicksburg  for  use  on  the  work, 
also  for  tlu?  benelit  of  small  boats  that  mi^ht  (;nter  the  inner  harbor. 

On  your  granting  the  request,  I  placed  Hie  gr.idcr  at  the  river  end  of  the  pafl0,  and 
with  great  difliculty  worked  her  tlirougli  to  the  lake,  making  ri  feet  of  water  as  she 
moved,  which  shoaled  up  at  once  to  less  than  2.  In  tin^  same  way  I  forced  her  back 
to  deep  water  in  the  river.  It  took  ten  days  to  do  the  work,  and  cost  $400  for  labor, 
subsistence,  and  coal,  and  a  day  after  leaving  the  pass  it  was  in  a  worse  condition 
than  before  commencing  the  work.  The  material  through  luetty  much  its  entire 
length  is  compact  sand,  which  shifts  continually,  at  one  time  being  10  inches  below 
the  water  surface,  and  the  next  day  in  the  same  spot  50  inches. 

At  about  the  time  of  tiuishing  the  grading  at  Delta  Point  it  was  found  to  be  neces- 
sary to  move  the  Vicksburg  wliarf-boat  below  its  former  site  to  deeper  water  and 
where,  the  bank  was  almost  perpendicular.  1  was  requested  to  grade  this  bank  for 
the  city,  the  latter  ]^»aying  the  expense  of  running  the  grader,  which  I  did,  after  re- 
ceiving permission  trom  you. 

I  have  bad  no  time  or  means  for  making  a  general  survey  of  the  harbor,  but  have 
made  a  detailed  reconnaissance  ;  have  ha<l  a  meauder  line  run  from  the  foot  of  Delta 
Point  to  opposite  the  sand-bar  at  the  month  of  Yazoo,  locating  the  latter,  and  sections 
sounded  Jilong  the  Louisiana  side  where  mattresses  have  been  sunk.  My  reconnais- 
sance serves  to  show  that  the  conditions  ar<^  but  little  changed  since  the  last  survey. 

The  West  l*assatthei)resent  time  (there  being  a  considerable  rise  in  the  river)  is  quite 
deepj  over  six  feet  throughout  its  entire  length,  and  75  feet  wide,  the  water  passing 
through  it  with  great  velocity  into  the  lake.  The  basin  dredged  in  front  of  the  city 
in  18d3  is  in  about  the  same  condition  as  shown  in  last  ntport.  The  canal  is  about  the 
same  also,  excei)t  where  citizens  have  dammed  it  up  to  keep  water  in  the  lake.  The 
Headlight,  a  light  draught  boat,  came  into  the  harbor  yesterday  and  is  now  lying  at 
the  foot  of  Clay  street. 

There  is  no  <'aving  at  tlni  present  stage  of  water  from  the  mouth  of  the  Yazoo  to 
below  the  K(*fuge  Oil  Mill  on  the  Mississi])pi  side,  and  none  On  the  Louisiana  side 
from  Young's  Point  to  throe  miles  below  Delta  (town). 

The  channel  of  the  river  is  a  little  deeper  or  rathtT  nt  a  greater  depth  below  low 
water  than  when  the  river  was  at  a  higher  stage.  It  will  be  seen  by  the  map  that 
Young's  Point  is  being  caved  away  and  the  bar  above  Delta  Point  forced  back  towards 
the  old  shore-line.  Unless  some  unforeseen  changes  take  place  at  the  mouth  of  the 
Yazoo  (where  a  small  cut(»fl'  is  being  made),  I  think  the  river  will  undoubtedly  accom- 
modate itself  to  the  old  bank  in  the  Louisiana  side,  and  conso<]uent1y  cut  away  the  bar 
closing  the  entrance  to  the  inner  harbor. 

My  reason  for  making  a  reconnaissance  to  the  mouth  of  the  Yazoo  was  for  the  pur- 
pose of  ascertaining  whether  a  dike  built  (on  the  bar  forming  there)  to  deflect  the 
current  onto  Young's  Point  would  not  be  advantageous  in  helping  the  river  to  sweep 
away  the  bar  just  below  on  the  Louisiana  side,  but  I  found  that  the  work  woold  be 
more  extensive  than  at  tirst  anticipated  and  the  expenditure  greater  than  the  results 
would  warrant. 

After  the  subsiding  of  the  next  high  water  I  expect  to  find  this  in  a  great  part  ac- 
comi>lish»*d  without  the  help  of  a  dike.  The  next  high  water  will  probably  destroy 
some  (»f  the  old  revetment  at  the  mattress  dike,  and  th(!>  sipe  water  on  the  falling  river 
the  work  in  the  wldy  just  below,  but  even  should  this  occur  I  look  for  no  further  trouble, 
but  believe  the  work  on  the  Point  has  accomplished  its  purpose.  There  may  be  some 
sinking  and  breaking  of  the  bank,  but  no  more  caving. 

I  will  be  more  eompetent  to  anticipate  the  chunges  that  will  take  place  after  plot* 
ting  the  soundings  and  levels  taken  on  sections  along  the  revetted  bank. 

At  the  time  these  sections  were  dfounded  a  diver  (with  submarine  suit)  examined  the 
bottom,  the  latter  being  placed  on  the  section  lines  by  the  engineer.  The  resultii  of 
his  work  I  will  submit  with  the  profiles  of  the  sc^ctions  as  soon  as  plotted.  A  general 
resumes  of  this  work  is  as  follows: 
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He  coniDienced  at  the  upper  end  of  the  revetment  placed  ia  1882,  but  from  there  to 
Dear  the  old  inattresH  dike  was  able  to  do  but  little,  the  current  being  so  swift  and 
dangerous ;  from  there  to  where  the  bank  is  straight  and  covered  with  deposit,  i.  ^., 
in  the  eddy,  he  found  Ihe  mattresses  all  holding,  but  badly  broken  or  bent  over  pro- 
jecting ridges  and  into  holes  in  the  uneven  bottom  :  in  some  places  they  were  stand- 
ing perpendicular  and  entangled  in  old  screens  sunk  in  1881.  This  is  the  portion  of 
the  work  which  I  reported  some  time  ago  as  being  in  a  condition  almost  nnexplain- 
able.  There  has  been  apparently  no  caving  whatever,  but  the  bank  has  sunk  with 
its  covering  of  stone  and  willowy  leaving  steps,  or  cracks,  in  the  slope  at  its  top,  and 
midway  an  almost  perpendicular  side  from  which  the  rock  has  slid,  but  it  did  not  dis- 
turb the  upright  position  of  the  pile  driven  through  the  head  of  the  mat  at  a  ton-foot 
stage  in  ld82. 

I  consider  it  all,  or  in  a  great  part,  due  to  the  influence  of  sipe  water,  which  runs 
from  the  bank  as  the  water  ip  the  river  falls,  as  1  wrote.  In  answer  to  my  communi- 
cation at  that  time,  you  suggested  the  use  of  wooden  drains  or  tiles ;  these  would 
be  eftective  were  it  not  that  the  water  has  no  single  outlet,  but  comes  from  the  bank 
in  places  <m  a  shelf  perhaps  100  feet  long  and  in. such  a  manner  as  to  make  it  impos- 
sible to  collect  it  in  order  to  carry  it  otif.  I  would  have  attempted  some  experiments, 
but  there  was  no  occasion  for  draining  in  the  new  work  and  it  would  haye  b<;en  too 
expensive  in  the  old,  it  being  necessary  to  take  away  considerable  revetment  in  order 
to  get  at  the  seepage  ledges.  The  patching  which  it  has  been  necessary  to  do  this 
season  shows  to  mo  very  conclusively  the  practicability  of  grading  the  bank  to  a  very 
long  or  gentle  slope  before  revetting.  Had  this  been  done  here  in  1882  we.w'ould 
have  had  much  less  trouble  repairing ;  probably  it  would  have  prevented  the  neces- 
sity of  repairs. 

The  work  this  year  has  been  carried  on  with  great  difficulty  and  at  a  greater  ex- 
penst^  than  otherwise  because  of  the  excessive  neat  and  mj'  inability  to  get  labor. 
White  laborers  will  not  come  to  this  country  so  early  as  August  and  September,  those 
who  do  come  being  unable  to  stand  the  heat  of  the  sun.  At  one  time  thirty  men  in 
a  force  of  l.'.O,  all  but  one  foreman  and  the  steward,  were  sick.  Our  only  alternative 
is  negro  labor,  which  is  very  unreliable.  It  will  be  impossible  for  me  to  make  any  es- 
timate of  Ihe  co»t  of  the  work  of  the  past  season,  either  as  a  whole  or  in  detail,  until 
mv  accounts  are  all  in  and  the  work  closed,  which  will  not  be  for  a  few  days. 

i  submit  herewith  a  sketch  of  harbor  and  Mississippi  River  in  the  vicinity  showing 
changes,  and  sketch  of  bank  at  Delta  Point  showing  condition  of  work  to  date. 
I  am,  very  respectfully,  yours, 

H.  St.  L.  Copp^e, 

AasUtant  Engineer. 

Capt.  C.  B.  Seaks, 

Captain  Engineers^  U.  S.  A.j  MemphUj  Tenn. 


Appendix  I. 

report  of  major  amos  8tickney,  corps  of  engineers,  upon  operations  in  the 

fourth  district. 

United  States  Engineer  Office, 

Netc  Orleans  J  La.y  October  10,  1884. 

Sir  :  1  have  the  honor  to  submit  the  following  report  for  works  under  my  charge 
executed  from  funds  controlled  by  the  Mississippi  River  Commission  during  the  time 
from  October  ol,  1HK.5,  the  date  of  the  last  annual  report,  to  October  1,  1884.  The 
works  under  my  charge  included  in  the  fourth  district,  Mississippi  River,  are  as 
follows,  viz : 

Construction  and  repair  of  levees. 

Improvement  of  harbors  of  Natchez  and  Vidalia. 

Improvement  of  mouth  of  Red  River  and  rectification  of  the  mouth  of  Red  River 
and  the  Atchafalaya  River. 

Improvement  of  harbor  of  New  Orleans,  La. 

LEVEES. 

The  levees  under  construction  at  the  date  of  last  annnal  report  were  Shipp's  Bayou 
to  Hard  Times,  Hardscrabble,  and  Bondurant,  Kempe  and  Green's  to  Fairview. 

Owing  to  bad  management  on  the  part  of  the  contractors,  the  contracts  on  the  first 
three  of  these  levees  were  annulled  after  every  eflbrt  had  been  made  to  compel  the 
contractors  to  finish  their  work.    A  new  ctmtract  was  made  for  the  Shipp's  Bayou 
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to  Hard  Times  Lcveo,  and  the  other  two  were  undertaken  by  hired  labor.  The  dis- 
organization oC  the  work  and  1  he  excessively  rainy  season  made  it  impossible  to 
complete  the  Icveos  in  time  for  the  flood.  The  protection  levees  at  Shipp's  Bayou  to 
Hard  Times  and  Kompc  were,  however,  held  almost,  to  the  top  of  the  floo<i,  the  former 
being  finally  breached  from  the  rear,  after  the  levees  above  had  broken,  and  the 
latter  giving  way  during  a  violent  storm,  when  the  river  was  at  its  highest.  Along 
the  front  of  Tonsas  PariHh  the  flood  of  1H84  exceeded  the  height  of  the  groat  flood  of 
1882  about  6  iuchos,  and  in  many  places  went  entirely  over  the  tops  of  the  levees. 
The  result  was  a  great-  numb»?r  of  breaks  in  both  United  States  and  State  levees. 

Below  Red  River  no  United  States  levees  were  breached,  but  some  disastrous  breaks 
occurred  in  State  levees.  As  the  flood  developed  in  magnitude  allotments  were  made 
by  the  Commisijiou  for  i>rotecting  the  levee  lines.  A  great  deal  of  work  was  done, 
and  a  great  numy  threatened  breaks  prevented.  For  details  concerning  levee  work 
I  refer  you  to  the  report  of  my  assistant,  Mr.  H.  S.  Douglas,  who,  with  all  others 
connected  witli  the  work,  rendered  eflii^ieut  service  in  a  desperate  struggle  to  main- 
tain the  lines.  From  the  last  appropriation  of  Congress,  made  in  act  approved  .July 
5,  1BH4,  tli(^  amount  of  ^1(50,000  was  allotted  by  the  Commission,  to  be  distributed  by 
the  Board  of  Engineer  Officers  on  construction  or  repairs  of  levees.  The  portion  of 
this  assigned  to  th«»  fourth  district  was  $90,000,  to  be  expended  on  the  United  States 
levees  on  Tensas  Front.  It  is  hoped  Avith  this  amount  to  repair  the  United  States 
levees  so  they  will  stand  even  a  gi'eat  flood,  but  the  amount  is  not  sufficient  to  put 
them  in  a  condition  of  perfect,  safety  with  regard  to  height  and  stable  slopes.  The 
estimate  of  the  cost  for  c<mipl(jting  the  line  of  levees  in  the  fourth  district  will  de- 
pend larg<'ly  upon  the  diinensior.s  of  these  (embankments.  The  xmlicy  of  the  Commis- 
sion heretofore  has  been  to  build  the  greatest  length  of  lines  with  the  money  available, 
without  attempting  to  increase  tlm  heights  above  those  partB  of  the  line  that  were 
standing.  The  dim«'nsions  of  the  levees  as  they  now  exist  are  undoubtedly  entirely 
too  small  for  scrcurity  in  times  of  great  floods.  The  gaps  in  the  levees  in  the  fourth 
district  which  will  remain  open  after  the  construction  of  the  levees  now  provided  for 
are  as  follows : 


Namo  of  gup. 


Length 
in  feet. 


TKNSAB  FRONT. 


Diamond  Bun'l  to  New  ("artbnjiu. 

IJonuero  ('i*(n'»iH«(' 

BliM^k  Ilawk  to  K(m1  Ilivcir 


MorganzA 


ATCHAFALAYA  FRONT. 


50,000 
28,400 
90,000 


6,000 


Totid •■    169, 400 


Estimated 
cubic 
yards. 


410,000 
637,000 
500,000 


300,000 


1, 847, 000 


Estima- 
ted price 
per  cubic 
yard. 


f0  80 
80 
80 


80 


Estimated 
cost. 


$123,000  00 
lOMOOOO 
180,000  00 


90.000  00 


554, 100  00 


XOTB. — The  h('i};ht  of  tlu'Bo  U'Vo<'r,  eh  eatiinntcd,  equals  pndeof  adjacent  ezistins  leveea. 

The  following  is  the  rejiort  of  Mr.  H.  S.  Douglas,  who  has  special  Buperviiuon  of 
levee  work  • 


n 


CONSTRUCTION  AND  REPAIR  OF  LEVERS  AND  SURVEY  OF  UNLEVEED  FRONTS. 


"  United  States  Engineer  Office, 

**  New  Orleans,  La.,  October  1, 1884. 

''  Sir  :  I  have  the  honor  to  submit  the  following  report  on  '  constmction  aod  repair 
of  levees,'  and  the  •  survey  of  unleveed  fronts,'  from  Octoher  31, 1883,  to  October  1, 

'^  During  the  period  a  most  extra  ordinary  and  disastrous  flood  has  oocnmd  in  the 
Mississippi  Kiver.  Tlie  lev(>eH.  both  Statt^  and  United  States,  have  been  severely 
tried,  and  in  many  cases  were  iound  inadetpiatv  to  restrain  the  flood.  Namerocui 
breaks  oceurred,  an<l  others  w<*re  only  j^revented  by  extraordinary  efforts.  During 
the  flood,  authority  having  lieen  given,  work  wns  undertaken  for  the  preservation  of 
both  Stati' iind  United  States  I«'vees.  Large  quantities  of  material  wore  funiished 
and  work  done  for  this  pnr])i'se,  nrincipaliy  upon  State  levees,  which  were  frequently 
found  lacking  in  erosK-s»M-tio!i,  erown,  mid  height.  It  is  gratifying  to  note  that  break's 
occurre<l  in  but  two  eiMnplrtril  United  States  levees. 

'^On  October  31,  Ir^-:^:},  six  of  the  eleven  levees  on  which  contracts  had  been  let  bad 
been  completeil  and  received,  and  of  the  remaining  Ave  two  have  been  completed  and 


APPKNDIX  WW — REPORT  OF  MIS^^lSSIPPI  RIVER  COMMISSION.    2817 

received  to  date.     The  non-completion  of  tlie  three  remaining  levees  is  attributable 
to  the  f:iilure  of  contractors  to  plact^  adequate  forces  upon  their  works,  to  t^^e  early 
rise  of  the  river,  and  to  a  very  nnfavornhle  working  season. 
"  The  following  gives  progress  on  each  levee  in  detail,  and  its  present  condition  : 

"TENSAS  FRONT. 

"  Castlentan^s  to  Buck  Ridge,  near  Point  Pleasant.  This  levee  was  completed  nnder 
contract  prior  to  October  'Si,  IbH:^.  On  March  15,  lb84,  the  river  had  risen  to  45.95 
on  the  Vicksbnrg  gange,  2.H  feet  below  the  high  water  of  1882,  and  at  that  time  the 
Icvee  was  reported  by  residents  of  the  locality  to  be  safe,  they  anticipating  danger 
only  from  tin*  waltrs  going  o\  er  the  tops  of  the  old  levees  at  certain  low  points.  The 
river  continued  steadily  to  rise,  however,  and  on  the  night  of  March  20  the  first  break 
occuiTed. 

"Between  the  'iOth  and  23d  fifteen  breaks  occurred  in  the  Stat«  and  United  States 
levees  at  this  point,  eleven  being  in  the  new  Government  work.  The  flood  went  over 
the  tops  of  nearly  all  the  levees  in  this  locality,  and  the  new  work,  not  being  as  well 
grassed  and  settled  as  the  old,  sntfered  the  most. 

"  The  breaks  have  all  been  surveyed  and  staked  out  since  the  decline  of  the  flood. 
It  is  estimated  that  22,000  cubic  yards  of  earth  will  bo  required  to  close  the  breaks, 
aud  under  the  recent  allotment  for  construction  and  repair  of  levees  this  work  was 
advertised  and  bids  for  it  opened  September  27,  1884. 

"SHIPP'S  BAYOU  TO  HARD  TIM£S. 

"Work  was  in  progress  on  this  levee  October  31,  1883,  under  contraort.  Slow  prog- 
ress wjis  ma<le,  and  though  the  contractor  was  repeatedly  directed  to  increase  his 
force  and  push  his  work,  he  failed  to  do  so.  Finally,  on  December  8,* l^tt3,  the  con- 
tract was  annulled  and  authority  given  to  complete  the  w^ork  by  open  purchase  and 
hired  labor  or  contract.  Some  dithculty  was  experienced  in  getting  a  contractor  who 
would  undertake  the  work,  on  account  of  the  lateness  of  the  season,  but  finally  a 
contract  was  made  to  complete  the  levee  by  February  1, 1884.  Work  was  commenced 
under  the  new  contract  D<'cember  15,  1882,  j«ud  pushed  with  great  energy,  though 
with  inadequate  force.  Heavy  and  constant  rains  interfered  materially  with  the 
progress  of  the  work,  and  the  time  for  completion  was  lirst  extended  to  February  20, 
and  afterwards  to  March  15,  1884. 

**  A  portion  of  the  embankment  across  the  bed  of  Lake  Saint  Joseph  continued  to 
sink  almost  as  rapidly  as  the  earth  was  placed  on  it.  Earth  became  difficult  to  pro- 
cure, and  had  to  be  hauled  or  wheeled  long  distances. 

•*  In  addition  to  this,  the  levee  commenced  to  slough  badly  at  several  points,  so  that 
it  was  impossible  to  keep  it  up  to  grade  or  put  the  bank  in  proper  shape.    The  raius 
filled  up  the  swamps,  rendering  it  impossible  to  obtain  earth  to  complete  these  slough- 
ing places.     As  by  a  clause  in  the  contract  the  United  States  agn»ed  to  furnish  the 
contractor  with  workable  earth,  and  this  being  impossible  at  the  time,  it  was  thought 
best  for  the  interest  of  the  Government  to  receive  the  work  and  make  final  settlement 
with  contractor,  which  was  done.     Previous  to  this,  when  it  became  almost  certain 
that  the  main  line  could  not  be  completed,  it  was  decided  to  endeavor  to  hold  the  old 
front  line  of  levee,  which,  with  the  work  done  to  keep  out  the  high  water  of  1883,  was 
in  fair  ccmdition.     The  line  of  protection  was  nearly  2  miles  in  length,  and  on  this 
line  a  hard  fight  was  made  against  the  rising  river.     The  force  was  worked  night  and 
clay,  and  the  protection  levee  was  raised,  strengthened,  and  revetted  with  sacks  and 
lumber.    Two  decked  barges  were  obtained  from  Captain  Marshall,  and  earth  boate<l 
long  distances.     On  March  15  the  river  had  risen  to  45.95  on  the  Vicksbnrg  gauge, 
and  an  additional  rise  of  not  to  exceed  18  inches  was  expected  from  the  'Yazoo  wave.* 
The  protection  leve*^  was  raised  and  strengthened  to  meet  this  rise,  which  instead  of 
18  inches  amounted  to  3  ftet,  the  crest  of  the  wave  being  about  6  inches  above  the 
liigh  water  ot  ls82  at  Hard  Times. 

**()n  March  '^0  the  situation  became  desperate,  as  the  river  was  brimming  over 
the  piotection  levee  for  2  miles.  On  the  night  of  the  20th  breaks  occurred  in  the 
levees  above,  causing  a  temporary  fall  of  about  2  iuches  at  Hard  Times.  The  water 
1>onring  in  through  the  breaks  above  inundated  the  country,  and,  owing  to  the  pecu- 
liar topographical  features  of  the  locality,  backed  up  a-ainst  the  land  side  of  the  new 
main  levic,  and  on  March  21  broke  and  washed  it  away  for  200  feet.  The  river  con- 
tin  iu<l  to  MSis  and  event na II \  <)vert<'pi>e<l  the  protection  levee,  breaking  it  and  the 
main  lim*  at  nuuHums  points.  A  survey  oi  the  levee  has  been  made  and  the  various 
^:il>s  sijiKed  out.  It  hi  estiuuited  that  4<>,000  cubic  ^ardsof  earth  will  be  required  to 
close  ;  he  gaps  and  complete  the  line.  Under  the  recent  allotment  bids  have  beeu 
asked  for  to  do  this  work  and  were  opened  September  27,  1884. 

177  ENG 
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**  HARDSCRABBLE  AND  BONDUBANT. 

"  Work  on  this  leveo  under  contract  was  in  progress  October  31, 1883.  The  oonl  jaotor 
failed  to  prosi'cute  his  work  with  due  diligence,  and  there  beine  no  prospect  of  the 
work  being  coinx»Ieted  in  a  reasonable  time,  the  annulment  of  tiie  contract  was  rec- 
ommended and  ap])roved  January  4,  1884.  Authority  was  given  to  complete  the 
work  by  hired  labor  and  otyen  contract.  The  lateness  of  the  season  and  the  amount 
of  work  ti>  be  done  made  the  pro8]iect  for  completion  rather  uncertain.  In  onler  to 
expedite  matters  and  prevent  even  a  temporary  stoppage,  the  force  engaged  by  the 
contractor  was  continued  on  the  work. 

*^  The  contractor's  camps  and  onttit  having  been  seized  by  his  creditors,  permission 
was  obtained  from  the  legal  custodian  to  occupy  the  camps  and  use  the  outfit.  The 
construction  of  new  camps  was  commenced  and  additional  tools  purchaeed.  The 
progress  of  the  work  was  greatly  delayed  by  exceptionally  bad  weatner,  heavy  rains 
alternating  with  severe  cold  snaps.  The  Hardscrabble  Swamp  was  flooded  and  ren- 
dered  almost  im])a8sable.  From  January  r>  to  IB  there  were  eleven  days  of  con- 
tinuous rain.  Under  the  most  cxtraonlinary  difficulties  camps  or  quarters  capable 
of  accommodating 650  men  wore  built,  also  master  laborers'  quarters,  kitchen,  bake- 
house and  oven,  warehouse,  and  office. 

*'  The  road  being  impassable,  a  wooden  tramway  about  4,000  feet  long  was  built  from 
the  steamboat  landing  to  the  new  camps  for  the  transportation  of  material  and  sup- 
plies. Previous  to  the  annulment  of  this  contract  permission  had  been  given  tliv 
contractor  to  employ  convict  labor,  and  he  had  employed  about  250  of  these  bandit. 
The  requisite  authority  having  been  obtained,  they  were  continued  upon  the  work,  as 
it  would  have  been  difficult,  if  not  impossible^  to  have  replaced  this  organized  force, 
who  bad  their  own  quarters  and  tools.  The  free-labor  force  averaged  about  400  mou 
per  day,  and,  considering  the  suddenness  with  which  the  work  was  undertaken,  t^ey 
were  organized  and  handled  to  great  advantage.  On  February  11  the  men  demanded 
an  increase  of  wages  and  quit  work.  On  February  13  their  demands  were  acceded 
to  and  work  was  resumed,  though  with  a  slightly  diminished  force.  On  the  day  of 
the  strike,  February  11,  the  river  was  nearly  over  ita  banks  and  was  rising  rapidW. 
A  light  protection  levee  hud  been  built  immediately  in  front  of  the  mainline.  On 
Febniary  14  the  river  rose  over  the  bank  in  the  Hardscrabble Swatnp,  and  after  a 
hard  tight  broke  the  protection  levee  and  ran  through  a  gap  of  about  1,:^00  feet  in 
ihe  main  line.  This  iiooded  the  camps  and  caused  a  suspension  of  work.  The  river 
continued  to  rise  and  eventually  overtopped  all  of  the  levee  that  was  below  grade. 
The  lower  end  of  this  levee  in  the  Bondurant  fiehl  had  been  completcyly  but- the  watvr 
being  on  both  sides  of  it,  and  being  exposed  to  the  washing  of  waves,  a  crevasse  oc- 
curred. Since  the  decline  of  the  river  the  bank  at  this  point  has  caved  very  rapidly 
and  the  levee  has  gone  into  the  river  for  a  distance  of  about  2,500  feet.  Hardscnb- 
ble  levee  was  little  damaged  by  the  flood,  only  two  small  breaks  occurring.  It  is 
estimated  that  75,000  cubic  yards  of  earth  will  be  required  to  complete  Hardscrabble. 
An  entirely  new  line  of  levee,  estimated  to  cuntain  :i5,000  cubic  yards,  will  be  required  - 
in  the  Bondurant  tield.  Under  the  recrnt  allotuient  proposals  for  the  constrnctiOD  of 
each  of  these  levees  have  been  advertiKcd  for  and  were  0|>ened  September  87,  1884. 

^'kempk  breaks  and  extension. 

"  Work  on  tiiis  levee  under  contract  was  in  progress  October  31, 1883.  Thecontraotor 
failed  to  prosecute  his  work  with  due  diligence,  and  there  being  no  prospect  of  the 
work  being  completed  in  a  reasonable  time,  the  annulment  of  the  contract  was  re- 
commended au<l  approved  Jaunary  0,  lHn4.  Authority  was  given  to  complete  the 
work  by  hired  labor  and  open  rontraet.  For  the  same  reason  as  at  Hardscrabble,  the 
contractor's  force  was  continued  on  the  work.  The  contractor's  creditors  seized  hii 
camps  and  outfit,  and  permission  to  use  them  was  obtained  from  the  legal  cnifeo- 
dian.  The  same  causes  that  delayed  the  progress  of  the  work  at  Hardscrabble  pre- 
vailed here,  only  the  locality  being  better  drained,  the  damage  was  not  so  great.  New 
camps  or  quarters  capable  of  aeconmiodating  GOO  men  were  built;  also  an  office,  war^ 
house,  bake-house  and  oven,  and  kitchen.  A  wooden  tramway  about  4,000  feet  long 
from  the  steamboat  landing  to  th(>  n<>w  camps  was  constructed.  To  facilitate  the  traoe* 
fer  of  sup])lies  and  tt)  place  liardsrrabble  and  Kemp(^  in  close  communication,  asWM 
necessary,  a  steam-tng  was  transferred  from  tbe  work  of  im))roving  harbor  at  New 
Orleans,  and  a  small  barge  chartered.  Tbe  portitm  of  Kempe  levee  built  by  hired 
labor  is  probably  the  heavieHt  embankment  of  the  kind  in  the  State  of  Louisiana,  coD- 
sideiing  its  length.  At  <me  point  the  line  of  the  embank  meut  crosses  a  slough,  and 
for  about  1,200  feet  it  was  impossible  lo  ]>rocnre  earth,  as  the  ground  was  covered 
by  water  from  2  to  3  feet  deep.  In  order  to  procure  material  for  the  oonstmctioo^ 
the  main  line  at  this  point,  it  was  found  necessary  to  build  two  side  levees  across  Um 
•lough  about  &00  feet  on  either  side  of  the  main  line  and  parallel  to  it.    Two 
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Somping  engiDes  were  procured  and  placed  in  position.    One  of  them  proved  to  be 
efective,  but  the  other  did  good  vvork,  and  the  aiiiea  between  the  side  and  main  levee 
on  the  land  side  was  soon  pumped  dry. 

*'  Earth  could  then  be  obtained  and  men  were  put  to  work  wheeling  it  into  the  levee. 
At  the  end  of  February  the  whole  line  of  the  Government  work  on  this  levee  was  well 
on  towards  completion,  except  the  1,200  feet  in  the  slough.  Meanwhile  the  river  had 
risen  to  an  alarming  height,  nnd  the  seepage  water  canio  in  so  rapidly  that  it  was  im- 
possible to  procure  earth  on  the  river  side  of  the  new  levee:  The  Kempe  protection 
levee,  which  had  withstood  the  high  water  of  188:),  was  still  in  good  condition,  but  on 
February  27  a  force  was  put  to  work  raising  it  as  a  matter  of  precaution.  On  March 
11  the  backwater  eominp:  down  from  the  break  at  Hardscrabble  flooded  the  new 
camps  and  the  levee  line,  compelliog  a  stoppage  of  work  upon  tlie  main  levee.  The 
major  portion  of  thn  force  was  paid  ofl'and  about  100  men  retaiued  to  work  upon  the 
protection  levee.  No  danger  was  anticipated  until  Sunday,  March  23.  A  heavy  rain 
commenced  in  the  morning  and  continued  throughout  the  day,  but  a  force  of  over  100 
men  was  kept  at  work  placing  sacks  and  earth.  The  incessant  rain  finally  caused  the 
embankment  to  commence  sloughiug  at  several  places,  and  at  1  p.  ra.  an  unexpected 
slough  occurred, and  notwithstanding  every  eflbrt  the  river  broke  through.  The 
tremendous  current  destroyed  any  work  done  to  protect  the  ends  of  the  break, 
which  rapidly  enlarged.  Earth  had  been  taken  from  the  new  main  levee,  all  other 
available  localities  being  covered  with  water,  to  assist  in  holding  the  protection 
levee.  The  water  from  the  crevasse  rushed  over  the  main  line  at  this  point,  washing 
it  away  and  causing  a  break  of  about  800  feet  in  width.  This  did  not  add  to  the 
volume  of  water  escaping  from  the  river,  as  the  new  levee  was  incomplete  at  several 
points.  A  *  run-around'  or  new  line  of  levee  has  been  staked  off  to  close  this  break, 
estimated  to  contain  25,000  cubic  yards.  Under  the  recent  allotment,  proposals  for 
building  this  piece  of  levee  at  the  crevasse  have  been  advertised  for,  and  were  opened 
September  27,  1884.  The  balance  of  Kempe  Levee,  estimated  to  contain  about  63,000 
cubic  yards,  it  is  proposed  to  build  by  hired  labor,  and  all  preparations  for  the  com- 
mencement of  embankment  construction  have  been  made. 


(( 


LAKE  CONCOBDIA  BREAKS. 


"This  long  line  of  generally  light  embankment  was  completed  by  contract  prior  to 
the  high  water  of  1883,  which  it  stood  without  showing  signs  of  weakness.  It  was 
reported  to  be  in  a  duiigcrous  condition  at  several  points  on  March  14.  The  levee  is 
coii4)osed  of  a  hmse.flaudy  soil,  and  is  in  many  places  exposed  to  the  wash  of  the  lake 
waves  during  higli  water.  Measures  were  taken  to  protect  the  levee,  lumber  and 
saeks  being  uned  without  stiut.  Notwithstanding  every  effort,  however,  eleven 
brcuks  occurred  between  March  23  and  26.  The  ends  of  these  breaks  were  protected 
as  far  as  possible  to  prevent  further  enlargement.  The  work  necessary  to  close  these 
breaks  lia«  been  staked  out,  and  it  is  estimated  that  31,000  cubic  yards  of  earth  will 
be  rt'iinired  for  this  purpose.  Under  the  recent  allotment  proposals  for  this  work 
wero  advertised  for,  and  were  opened  September  27,  1884.  Should  there  be  any  sur- 
plus funds  from  this  allotment,  it  is  intended  t<»  apply  them,  so  far  as  they  will  go,  to 
raising  the  grade  of  this  levee,  the  work  beiuff  rendered  necessary  owing  to  the  ele- 
vation of  the  flood  line,  caused  by  the  King's  roint  Cut-off  above. 

"gbken's  to  faibview. 

"Work  on  this  levee,  under  contract,  continued  without  interruption  or  incident, 
and  it  was  finally  completed  and  accepted  March  7, 1884.  It  was  not  dama|^ed  by  the 
high  water  of  1884,  although  some  work  was  required  to  prevent  sloughing.  It  is 
now  in  good  condition. 

"atchafalaya  fbont  (atchafalata  biveb  to  bed  biveb  landing.) 

'*  Some  trouble  was  experienced  with  the  contractor  on  this  levee,  he  refusing  to 
fill  out  certain  shortages  in  the  embankment.  Finally  he  did  the  necessary  work, 
and  the  levee  was  completed,  and  accented  December  31,  1883.  With  the  exception 
of  two  sloughing  places,  the  levee  is  in  good  condition.  It  is  proposed  to  repair 
these  two  places  by  hired  labor,  the  work  being  too  small  to  do  by  contract. 

•*  HOG  POINT  TO  BACCOUBCI  (OLD  BIYBR). 

"  This  levee  was  completed  under  contract  prior  to  October  31, 1883.  It  is  in 
good  condition  and  requires  no  work« 
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**  RACCOURCI   CREVA8SK. 

f  **  The  levee  .was  completed  under  contract  prior  to  October  31,  1883,  bnt  during 
tlio  liigh  water  of  iyH4  it  showed  si^uHof  weakiiebH,  and  required  considerable  work. 
A  bad  crayfish  hole  has  developed,  au<l  it  lias  proposed  to  cut  this  out,  and  make 
such  other  re])airM  as  may  seem  necessary,  by  hired  labor. 


"STEWART'S  CREVASSE. 

"  The  levfto  was  completed  under  contract  prior  to  October  31,  1883. 
good  condition  and  requires  uo  work. 

'*  POINT  COUPEE  CREVASSE. 


It  is  in 


**This  levee  was  completed  uud«'r  contract  prior  to  October  31, 1883.  A  certain 
portion  of  the  embankment  across  the  bed  of  an  old  lake  had  been  sinkiDK'  When 
the  Ieve<'i  was  received  the  sinking  had  ap)>arently  ceased,  bnt  n]>on  the  declineof  the 
river  after  the  hij^h  water  of  \^S:\  it  recommenced,  and  in  February,  1884,  it  was 
found  necessary'  to  do  some  addiUonal  work  at  this  TKiint  to  keep  the  levee  up  to 
grade;  i:{.4  ciii>i(*  yards  of  earth  were  placed  on  the  embankment,  and  up  to  date  no 
further  mottling  hiis  taken  place. 


n 


SURVEY  OF  UNLEVEED  FRONTS. 


*' A  party  under  the  charge  of  an  assistant  engineer  was  sent  into  the  field  in  the 
latter  part  of  November,  lct^*3,  to  survey  a  line  from  Black  Hawk  Landing  to  Red 
River.  Tht)  progress  of  the  party  was  unusually  slow,  and  the  work  was  not  com- 
pleted until  late  in  Jannary,  1884.  A  preliminary  lino  for  a  lovee  was  surveyed  and 
staked  oil'  for  a  distance  «if  about  17  miles.  The  results  of  the  survey  indicate  that 
a  line  of  levee  can  be  built  with  less  cubical  contents,  and  consequent  cost,  than  had 
previously  been  8U]»posed. 

"CUT-OFF  AT  kino's  POINT. 

"  On  May  11,  1884,  the  river  made  a  new  channel  for  itself  across  the  above  point 
The  cut-otf  is  located  on  the  Tensas  front,  about  4  miles  below  the  town  of  Water- 
proof, and  half  a  mile  above  L' Argent  Landing,  and  shortens  the  river  distance  be- 
tw<>en  those  points  about  12  miles.  A  ditch  was  cut  across  the  point  about  the  year 
IHof),  and  at  every  high  water  since  that  time  the  river  tlowed  across  the  point  through 
this  ditch.  The  iirst  indications  of  the  river  cutting  its  way  through  were  observed 
on  May  7  and  8,  when  the  banks  on  both  sides  commenced  caving  rapidly,  and  by 
May  11  the  cut-oil'  was  made.  The  ditch  before  the  cut-ofif  is  said  to  have  been  about 
50  leet  in  width  by  20  feet  deep.  It  is  now  the  main  channel  of  the  river.  The  fol- 
lowing table  of  gauge  records  sh*>ws  the  cflect  of  the  cut-off  on  the  river  at  Kcmpe 
Levee,  10  miles  above;  at  Waterproof,  4  miles  above;  and  at  Natchez,  21(  miles  below. 
It  is  to  be  regretted  that  no  gauge  reconl  is  attainable  at  any  point  nearer  to  the  foot 
of  the  cut-otf  than  Natchez.    The  river  was  nearly  stationary  Jnst  before  th»  oat-off. 


Gauge  records 

1 

Date. 

Eempe  lovee. 

Water  Proof, 
Loninlana. 

Xatehei. 
MiHiaaippL 

1884. 
May  7 

5.25 
0.21 
5.35 
5.21 
.'».05 
4.95 
4.75 
4.  55 
4.40 
4.10 

*4.U5 
4.10 
3.«i 
3.75 
a  75 
3.55 

*3.C0 

4iM 

^8 :... 

4in 

9 

44.85 

10 

44.85 

11 

44.80 

12 

13 

8  infkll 
2  hi2kU 
2|iDiUl 
l4  in  lUl 
2  in  fall 
•II  iu  fall 
24  in  fiAll 
11  in  fnll 
l{  in  fall 
11  tn  fall 
1    in  full 
•i  in  fall 

44.89 

45.  «0 

14 

15 

16. 

45l05 
4&10 
48l10 

17 

18 

19 

•4&10 
4Sl15 
4ikU 

20 

45.10 

21  

45iie 

22 

45^05 

23 

•48Lli 

*  Heavy  rain  on  May  17  and  23. 
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"  It  is  greatly  to  be  feared  that  the  already  rapid  caviDg  in  the  Kenipo  Beud  will  b© 
accelerated,  though  the  flood-line  will  be  lowered.  The  last  practicablo  Hue  of  levee 
hat}  been  built  between  the  river  and  Lake  Saint  John  at  Gibson's  Landing,  below  the 
cut-off.  It  is  highly  probable  that  one  of  the  results  of  the  cut-oft*  will  be  to  destroy 
this  levee,  in  which  case  a  long  line  of  embankment  will  have  to  be  built  on  the 
west  bauk  of  Lake  Saiut  John,  as  has  been  done  at  Lake  Concordia.  Thi^  ^ade  of 
the  United  States  Lake  Concordia  Levee  will  have  to  be  raised,  as  even  before  the 
cut-oflf  the  flood  of  1884  provinl  it  to  be  too  low. 

"PBOTECTION   AND  PRESERVATION   OF  LEVEES,   STATE  AND  UNITED  STATES,   DURING 

THE  FLOOD  OF   1884. 

**0n  March  2iX,  lt<84,  authority  was  given  to  do  work  on  both  State  and  United 
States  levees  on  tbe  Tensas  P'ront,  with  a  view  to  prevent  further  breaks.  The  fol- 
lowing will  give  a  general  idea  of  the  amount  of  work  done :  At  Ashwood  Levee 
(State),  on  Lake  Palmyra,  a  great  deal  of  work  was  done.  From  this  point  to  Shipp's 
Bayou  no  work  was  done,  as  the  levees  were  generally  overtopped  by  the  flood. 
Earth  was  boated  long  distances,  and  every  eflbrt  made  to  hold  Shipp's  Bayou 
Levee  (State).  The  report  on  Shipp's  Bayou  to  Hard  Times  Levee  describes  the  work 
at  that  point.  From  Hard  Times  to  Bondurant's  no  protection  work  was  nnikrtaken, 
as  the  country  inside  the  levees  was  deeply  inundated  from  tbe  Hardscrabble  break, 
and  several  of  the  levees  were  overtopped  by  the  flood.  Between  Boudurant  and 
Kempe  work  was  done  on  the  Bruin's  Bayou  Levee  and  on  the  Lee  Levee  to  prevent 
breaKS.  The  work  wa«  successful,  as  no  breaks  occurred  on  this  stretch.  The  history 
of  the  protection  work  at  tbe  United  States  Kempe  Levee  is  given  in  the  detailed  re- 
port on  that  levee. 

'*C<msiderable  work  was  done  on  State  levees  between  Kempe  and  Lake  Concordia, 
principally  upon  the  L'Argent  Levee.  It  showed  great  sigrs  of  weakness,  and  being 
composed  of  sand  was  washed  badly  by  the  waves.  It  wa'*  revetted  and  strengthened 
with  1  limber  and  sacks.  Constant  work  alone  saved  this  levee.  The  protection  work 
on  Lake  Concordia  is  given  in  the  report  on  that  levoe.  From  Lake  Concordia  to 
Red  River  work  was  done  on  State  levees  and  on  United  States  Green's  to  Fair- 
view  Levee  at  various  points.  On  the  Henderson -Ashley  Levee  (State)  considerable 
work  was  done  raising  the  embankment,  which  would  have  been  overtopped  by  the 
Hood. 

**0n  March  2t)  the  steamboat  H.  J.  Dickey  was  chartered  for  the  jmrpose  of  dis- 
tributing material  for  the  protection  of  the  levees.  She  was  loaded  with  120,000  feet 
of  lumiier,  ;'>(», 000  empty  sacks,  1*^0  wheelbarrows,  and  the  same  number  of  shovels. 
An  assistant  engineer  was  ])laced  in  charge,  with  directions  to  distribute  material  at 
threatened  points  between  Point  Coupee  Levee  and  the  head  of  the  district. 

*'Tbe  limits  of  the  protection  were  extended  down-stream,  first  to  a  point  50  miles 
below  IJed  River,  and  afterwards  to  the  town  of  Plaquemine.  Additional  allotments 
of  funds  were  made  from  time  to  time  by  the  Commission  for  the  purpose  of  protec- 
tion. Assistant  engineers  were  sent  out  and  given  charge  of  special  districts.  The 
work  necessary  for  the  protection  of  levees  was  done  under  their  direction.  It  was 
at  first  exi>ected  that  if  the  United  States  furnished  the  material  the  inhabitants 
would  gladly  furnish  the  labor,  but  in  almost  every  case  the  Government  both  fur- 
nished the  material  and  paid  the  labor.  The  Dickey  distributed  material  from  the 
head  of  Profit  Island  to  Lehman's  Store  at  the  upper  end  of  Green's  to  Fairview 
Levee.  From  the  head  of  the  Atchafalaya  to  Hog  Point  work  was  done  at  various 
points  to  prevent  wash  of  waves  and  sloughing  of  embankment  on  the  United  States 
Levee.  From  Hog  Point  to  Williamsport,  on  Raccourci  Old  River,  no  work  was  neces- 
sary, as  the  new  United  States  levee  was  in  good  condition.  From  Williamsport 
around  Raccourci  Old  River,  and  thence  to  Morganza,  a  great  deal  of  work  was  done 
on  State  levees,  which  were  badly  riddled  by  cray-fish,  lacking  in  crown,  cross- section, 
and  height.  The  United  States  Raccourci  Levee  in  this  stretch  required  a  run-aroand 
to  be  built  on  account  of  a  bad  cray-fish  hole. 

**The  new  Bourgeois  Levee  (State)  required  a  great  deal  "f  work,  raising,  reveting, 
and  strengthening  on  the  rear  slope.  The  Ahren  Levee  (State),  just  above  Morganza, 
required  considerable  work  of  the  same  kind.  This  stretch  required  additional  work 
in  June,  when  an  additional  rise  out  of  the  Red  River  again  put  tbe  Mississippi  up  to 
<langer()us  height.  Two  crevasses  occurred  between  Williamsport  and  the  United 
States  Kaceonrei  Levee  before  the  Government  commenced  work.  From  Morganza  to 
Point  Coupee  Landing  work  was  done  on  State  levees,  raising,  revetting,  and 
Htreiigtbening.  The  O'Malley  Levee  (State),  immediately  below  Point  Coupee  Land- 
ing, bad  to  be  raised  and  revetted,  and  the  rear  slope  being  very  soft,  required  con- 
.stant  watching.  Tbe  United  States  Point  Coupee  Levee,  commonly  known  as 
**Stott,"  remained  in  s]>lendid  condition,  except  at  two  points  where  some  work  was 
necessary  to  i)rt;vent  sloughing.  From  Point  Coupee  to  Waterloo  the  State  levees 
requind  raising,  revetinj',  and  strengthening,  which  was  done.  At  the  Waterloo 
Cievasse  consi<lerable  worli  v.  as  done  to  prevent  further  enlargement  of  the  crevasse 
by  protecting  the  ends  of  the  levee.    From  Waterloo  to  Hermitage  work  was  required 
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on  the  Grand  Bay  Levee  in  April,  and  asain  in  June,  as  it  was  in  a  very  threatening 
condition.  From  Hermitage  to  the  head  of  Profit  Island  the  State  levees  were  in  a 
danserooB  condition  and  required  considerahle  work  in  April  and  a^u  in  June. 
In  the  latter  month  a  crevasse  occurred  iust  below  Hermilag[e,  but  it  was  closed, 
the  United  States  famishing  the  material.  When  the  protection  work  was  ezteud- 
ed  to  Plaqnemine  an  assistant  engineer  was  sent  out  to  attend  to  any  work  that 
mieht  be  necessary.  This  was  in  the  latter  part  of  Aoril,  and  at  that  time  the  river 
had  fallen  so  that  no  work  was  necessary.  In  June,  however,  when  the  river  again 
rose,  some  work  was  done.  As  indicating  the  amount  of  work  done  it  may  be  stated 
that  over  275,000  feet  of  lumber  and  100,000  sacks  were  used  on  protection  work  only. 
In  addition  to  actual  labor  on  some  of  the  levees,  watchmen  were  put  on  day  and 
night  to  give  timely  notice  of  any  danger,  and  to  prevent  malicious  persons  from 
cutting  the  levees.  The  work  accomplished  has  been  of  the  greatest  benefit,  for  with- 
out it  the  number  of  crevasses  would  undoubtedly  have  been  greatly  increased,  and 
the  cost  of  new  levees  to  close  them  far  exceeded  the  cost  of  the  protection  work. 


« 


SURVEYS. 


''The  usual  monthly  estimates  have  been  taken  up  for  payment  of  contractors. 
Surveys  of  the  actual  condition  of  Shipp's  Bayou  to  Hard  Times,  Hardsorabble  and 
Boudnrant,  and  Kempe  levees,  at  the  time  of  the  annulments  of  the  contracts,  have 
been  made.  Work  necessary  for  the  closure  of  breaks  in  United  States  levees  has 
been  staked  out  in  the  field. 

Gauge  records  fiitm  March  7  to  April  17,  1884. 


Dats. 


March  7 
March  8 
March  0 
March  10 
March  11 
March  12 
March  13 
March  14 
March  15 
March  16 
March  17 
March  18 
March  19 
March  20 
March  21 
March  22 
March  23 
March  24 
March  25 
March  26 
March  27 
March  28 
March  29 
March  30 
March  31 


Yioks. 
burg. 


4&40 
4&65 


April 
April 
April 
April 
April 
April 
April 
April 
April 
April  10 
April  11 
April  12 
April  13 
April  14 
April  15 
April  16 
April  17 


4&76 
45.80 
45.80 
45.96 
4&96 
45.96 
46.96 
46.00 
46.60 
47.10 
47.85 
4&40 
4&90 
4&86 
4&86 
49.60 
4&80 
4a  70 
4&66 
4&40 
4&35 
4&60 
47.75 
47.65 
47.30 
47.10 
46w90 
46.75 
46w55 
46.40 
46.20 
46^00 
46.80 
4&70 
46.60 
4&60 
4&60 
4&60 
4&85 


Saint 
Joseph. 


'42.26 
42.45 
42.65 
42.66 
42.65 
42.90 
42.90 
43.00 
43.00 
43.00 
48.00 
48.85 
48.80 
44.66 
44.85 
44.40 
44.68 
44.90 
44.86 
44.84 
44.70 
44.62 
44.40 
44.81 


Nstohes. 


44.60 
44.60 
44.65 
44.75 
45.10 
45.10 
45.15 
46.25 


44.81 
44.19 
44.08 
48.88 
48.71 
43.60 
43.40 
43.40 
43.80 
43.10 
42.90 
42.75 
42.60 
42.60 
42.40 
42.80 
42.20 


46.80 
46.80 
46.10 
46.46 
46. 8& 
46.05 
47.86 
47.40 
47.40 
47.40 
47.80 
47.25 
47.20 
47.16 
47.10 
47.00 
46.00 
46^70 
46.60 
46.60 
46.45 
46w80 
46.15 
4&90 
4&76 
4&66 
46.46 
46.85 
4&25 
4&25 
45.10 
46.00 


Bed 

Biver 

Landing. 


Baton 
Boage. 


New 
Orleaoa. 


42.86 
48.00 
43.30 
43.70 
44.00 
44.30 
44.60 
44.70 
44.80 
44.80 
44.80 
46.40 
46.60 
4&80 
46.05 
46.86 
46.66 
46.90 
47.00 
47.10 
47.15 
47.25 
47.80 
47.80 
47.80 
47.26 
47.20 
47.10 
47.00 
47.06 
47.06 
46.86 
47.70 
4&66 
46.40 
46.26 
46.20 
46L06 
46.00 
46.80 
4&76 
4&66 


33.80 
33.50 
33.60 
33.90 
84.40 
84.70 
84.90 
8496 
84.70 
84.50 
86.80 
85l28 
86.80 
86l60 
85l70 
85l00 
8&20 
8&00 
86l96 
86.00 
86.00 
86.10 
8&10 
8&0t 
85lB0 
85160 
85u76 
86.70 
85l66 
85l70 
86.46 
36.80 
85l30 
86.08 
84.06 
8406 
8480 
8460 
8466 
8440 
8486 


0.42 


0l66 
0.M 
0.46 
0.14 

ao6 

0.06 
0128 
0.80 
0.01 
a06 

an 

Ol06 

ao6 

OlOI 
0.(» 
Ol06 
OlIT 
0.17 
0.25 
0.25 
O.SS 
0.48 

aso 
as0 
an 

488 
40 
442 

an 

LflB 


L17 
1.11 

lh 

1.61 
L17 
\.% 
LSI 


RK1CABK8. 

Crevasse  at  Davia  Plantation,  right  bank,  about  22  miles  sbore  New  Orlesns. 

Cnvasse  at  Morganza,  rieht  banK,  between  Bed  Biver  Landing  and  Baton  Bongs. 

iJrevoHAo  at  Belle  Air  or  Mulatto  Point,  above  Baton  Bonge. 

0(>vu88»  at  Point  Pleasant,  Back  Bidge,  Shipp's  Bayon  to  Hard  Times,  Lower  Hard  Times,  nd 
Bonduraut's.  l>etween  Vicksburg  and  Saint  Joacph;  at  Kempe  and  LakeConoordlA,  between  Saint 
•loAoi)h  and  Natchez :  at  Batchelor'a,  on  Baccourcl,  Old  Biver,  between  Bed  Biver  Landing  vdA  Baton 

ll«U2t'. 

(•rrvHBHt!  ;it  Waterloo,  bctweeu  Bed  River  Landing  and  Baton  Bonge. 

Ci-(;vaHftt>  nt  LncoiirX  on  Bacconrci ;  Old  Biver,  between  Bed  Biver  Landlsg  nad  BitoB  Bovf^ 
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*  Extreme  high-water  readings  on  gauges. 

[On  some  of  these  gaages  the  water  was  a  littlo  hifzher  than  hire  given,  the  Ust  column  heing  taken 

fi'oni  the  daily  reports.  ] 


Ganges. 


Vlcksburg 

Saint  Joseph 

Natchez 

Red  Kiver  Lauding 

Baton  Kongo 

New  Orleans*  . . . 


1862. 


1874. 


Reading. 


5L00 


50.30 


Reading. 


1882. 


1883. 


1884. 


Date. 


45.70  j  Mar.  20, 21 


45. 58    Mar.  28, 29 

47. 00  I  Mar.       27 

30.15    Mar.       26 

O.OO 


Reading.     Date. 


48.75 
44.^ 
47.75 
48  50 
35.93 
0.42 


Apr.  7 


Apr. 
Apr. 


Reading. 


43.78 


44.00 

45.20 

3.1.  C8 

0.00 


Date. 


Reading. 


Mar.  25: 
Mar.  24' 
Mar.  24-26 
Mar.  *j9-31 
Mar.  24 
Mar.  18, ' 
23,24.   I 


49.00 
44.90 
47.40 
47.30 
3G  20 
0.00 


*  Below  high  water  of  1874.    Low  water  of  1872  =  10.07  on  New  Orleans  gauge. 

**The  above  table  of  gauge  records  during  the  flood  of  1884  lias  boon  compiled  and 
is  of  iuti're.st.  Tlio  almost  imperceptible  efioct  of  crevasses  on  tbe  gauges  is  a  very 
marked  feature.  It  will  be  noted  that  notwithstanding  over  sixty  crevasses,  large 
and  small,  between  Vicksburg  and  Natchez,  the  gauge  at  the  latter  point  rose  with 
great  regularity  io  maximum  high  water,  and  then  fell  with  equal  regularity.  This 
may  be  accounted  for  by  an  extraortlinary  local  rainfall  over  the  Big  Black  Basin, 
which  drains  into  the  Mississippi,  principally  between  the  above  points.  From  March 
17  to  '2^^  the  measured  rainfall  at  Vicksburg  was  4.11)  inches,  and  it  is  claimed  that  an 
equal  amount  fell  at  Baton  Rouge,  being  general  throughout  the  Big  Black  Basin. 
The  area  of  this  basin  is,  according  to  Humphreys  and  Abbott,  7,*^60  square  miles.  A 
rough  computation,  baaed  on  theloregoing  figures,  gives  67,000,000,000  cubic  feet  of 
water,  less  h  ss  by  evaporation,  absorption,  &c.,  emptied  into  the  Missisi^ippi  below 
Vicksburg  on  the  crest  of  an  extreme  flood.  Whenever  these  circumstances  recur,  the 
result,  so  far  as  existing  levees  are  concerned,  can  readily  be  surmised. 

**In  concluding,  I  would  express  my  obligations  to  the  various  assistants  which  you 
have  assigned  to  me  from  time  to  time,  and  to  the  clerical  force  on  those  levees  being 
bailt  by  hired  labor,  for  the  energy  and  industry  shown  iti  the  discharge  of  their  du- 
ties. 

**  Very  respectfully,  your  obedient  servant, 

**H.  S.  Douglas, 

^Assistant  Engineer, 

"Maj.  Amos  Stickney, 

**  Corps  of  Engineers,  U.  S,  A.^* 

MONEY  STATEMENT. 


Allotted 

Drawn  

Xoi  drawn 

On  hand  afwistant  treasurer,  New  Orleans,  September  30, 1884 

I  n  bands  of  ansiHtants  

Exmnded  to  Soptcraber  30, 1884 

Balance  October  31, 1H&3 

Uiilauci*  due  fiom  appiopriation  October  31,  1883 

lioceivedHinto  .  . 

Eicpf  nded  since  October  31, 1883 

Balanct'  ou  band  S(>pt ember  30, 1884  

Total  allotments , 

Total  expenditures 


^^^nt*^"*  TensaaPront. 


$146, 000  00 

134,000  00 

12,000  00 

7,001  60 


126,908  40 


2,947  22 

34,000  00 

23,961  18 

7,001  60 

140,  OUO  00 

126,908  40 


$537,160  00 

447, 160  00 

90,000  00 

2, 773  87 

200  00 

444,186  63 

174, 529  19 


21,000  00 

192, 555  82 

2,973  87 

537, 160  00 

444,186  63 


IMPROVE.MENT  OF  MISSISSIPPI    RIVER  AT    NATCHEZ    AND   VIDALIA,   MISSISSIPPI    AND 

LOUISIANA. 


No  work  has  been  done  during  the  past  year,  ending  October  1,  1^*84,  there  being 
no  funds  allotted,  and  the  amount  expended  from  the  small  balance  on  hand  has  been 
for  payment  of  watchmen  in  care  of  engineer  property  aiid  expenses  of  stirvey  party 
and  office  work.    Information  haying  reached  this  office  daring  the  latter  part  of 
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Ma  roll  that  a  (Mil -off  wa«  threatened  at  Cowpens  Bend,  an  assistant  enpinoiT  was 
HtMit  tt)  iiivfstif^ate  the  inatt<;r,  and  reported  from  infomiati(»n  received  on  thv  p«»iiDd, 
tlic  river  at  the  time  being  at  too  hi|>h  u  Htujro  to  ]ierniit  of  a  chif'e  examination, 
tlujt  tlio  banks  alonj;  Cowpcns  Bend  and  below  Bullitt's  Bayon  were  raviii;i  consider- 
a!»Iv,  Init  the  current  across  the  bend  indicated  no  jjn-ater  velocity  at  any  one  poiut 
tlian  anolhiT;  and  that  he  could  see  no  immediate  danger.     On  the  <ijtl]  of  Juue, 
tlu- river  havintj  receded  within  its  hanks,  instnictioDS  were  given  for  a  snrvey  to 
a^icertain  th<^  ch<an^es  in  the  bend(«,  and  establMh  fioints  of  reference  to  determine 
future  clianires.    This  survey,  compared  with  tlie  Commission's  burvey  of  Febrn- 
ar\ ,  hrrr:?,  shows  that  a  very  considerable  caving  has  taken  place  at  Palo  Alt<»  Point, 
above   Vidalia,  permitting* the  cniTent  to  strike  lower  down  in  the  Natchez  Bend. 
and  CO  nsiderable  caving  in  Giles  Bend,  and  very  much  more  in  Marengo  Bend,  lielow 
Hiillitt-s  Bayou.     The  most  dangerous  feature  of  these  changes  is  the  wearing  off  of 
I'alo  Alto  Point  and  general  droj>ping  down  of  the  bend.     In  lott<T  of  Septcmlier  17, 
1>^>-1,  to  the  president  of  the  Commission  it  was  recommended  that  an  soon  as  funds 
were  available  tbo  erosion  of  the  point  should  be  checked  by  the  constrnetiou  of  two 
spiir-dikes  above  the  i>oint ;  work  of  protection  to  be  afterwards  extended  np  the 
bend  and  in  Gib'sBend,  l)ased  on  the  experience  gained  by  the  first  two  dikes,  which 
ii  is  believed  will  b(»ld  the  point.     These  two  spur-dikes,  it  is  estimated,  can  be  con- 
st rncted  for  s:U),000.     Spurs  for  the  protection  of  the  banks  around  the  bends  can  i»roli- 
ably  be  constructed  for  $10,00(^  each,  and  if  this  svstem  proves  ns  successful  as  is  hoped, 
each  spur  will  protect  an  average  of  about  1,000  feet  of  bank.    In  some  parts  of  the 
bends  tht!  intervals  between  spurs  would  of  course  be  less,  depending  npon  the  curva- 
ture.   The  length  of  bank  to  be  protected  is  about  1G,000  feet  in  Giles  Bend,  and  about 
31>,000  feet  in  Marengo  15end,  a  total  of  r5,C00  feet,  which,  at  §10  per  foot,  wonld  re- 
quire an  exjicnditure  of  §rK)0,O0U.    To  this  must  be  added  the  cost  ot  plant,  which  from 
the  ex])erieu('(;  of  New  Orleans  Harbor  would  be  about  $50,000,  making  a  total  of 
^U*0,OUU.     li'  it  should  be  found  necessary  to  cover  the  banks  with  mattress  work,  the 
cost  of  si8  ]»er  linear  foot,  as  originally  estimated  by  Major  Benyanrd,  is  not  excessive. 
The  si>ur  s>siem  is  worth  trying,  and  the  plant  necessary  would  be  entirely  suitable 
for  the  mattress  system  if  it  were  necessary  to  change. 

Approximate  estimate  of  the  cost  of  the  work  for  the  protection  of  the  banks  above 
Natchez  and  Vidalia,  .s000,000. 

MONET  STATEMENT. 

Transfer,  September  i>,  lfi&2 $7,529  09 

On  band,  assistant  treasurer,  Kew  Orleans,  September  30,  1884 2,672  9*2 

J'jxpeiided  since  September  9,1882 4,650  17 

l^alanee  October  31,  1683 5,331  42 

Plxpended  since 2,658  50 

Kalance  on  hand  September  30,  1884 2«672  ^ 


T 

'I' 


fotal  appropriated 90,000  00 

I'otjl  expended 87.327  OU 


MOUTH  OF  RED  RIVER,  LOUISIANA. 


The  survey  of  the  vicinity  of  the  mouth  of  Red  River,  which  wa«  in  progress  at 
«late  of  last  annual  re]»ort,  was  continued  till  January  2^i,  1884,  when  the  party  ttob 
\\  \\u\vn\\u  trnni  the  tiehl. 

1  he  tletails  of  \\n'.  work  are  ji^ivcn  in  report  of  Assistant  Engineer  A.  O.  Wilson, 
ami  copies  of  tin-  maps  have  been  forwarded  to  the  secretary  of  the  ComniiHtiioD. 

A  iirojcet  for  th(;  leetilicatitm  of  the  mouth  of  Red  Ri^*er  and  the  Atchafalaya 
lii\i  r  was  submitted  to  th.-  Commission  December  15,  1883,  as  follows: 

*Ti:<).ri:cT  von  the   in:cTiFiCATioN  of  the  atcuafalaya  river  asv  mouth  or 

UKl)  river. 

*' United  States  Engineer  Offick, 

**i\Vit'  Orltantt,  La,,  December  15,  1883. 

*•  Siii:  I  hav<>  the  hoi. or  to  jjreM  nt  for  the  consideration  of  the  C<  mniissiou  a  pro- 
ert  till-  lb:-  n'«' ;rn';j;  io'i  of  t  lie  Atchafalaya  IJiver  and  mouth  of  Red  River. 

'•'i'iiis  jMi'l.I  tn  In  «m!<-  iImI  has  <  n;4,'.'i;jil  tin-  att<*ntion  of  many  engineers,  and  wliile 
a  nu;ni)er  «>f  plan-<  lor  i;s  so]nti«in  havi'  been  proposed  none  bus  ever  beeo  definitely 
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adopted  as  meeting  all  the  requirements  of  the  case,  or  satisfactorily  oyercoming  all 
of  the  difficnlties. 

"  Before  discussing  any  plan  for  improvement  it  is  well  to  briefly  state  the  condi- 
tion of  the  river  in  this  vicinity  and  the  main  points  to  be  considered  in  any  plan  for 
so  changing  these  conditions  as  to  permanently  overcome  all  the  difficulties. 

**Tho  Mississippi  River  in  approaching  the  mouth  of  Old  River  from  above  has  its 
deep-Avater  channel  near  the  right  bank  until  it  arrives  within  less  than  a  mile  of  Old 
River ;  the  channel  then  crosses  quite  abruptly  to  the  left  bank,  which  it  follows  until 
it  has  passed  Old  River,  when  it  again  returns  tu  the  right  bank. 

"Between  the  points  of  its  leaving  and  returning  to  the  right  bank  lie  the  Angola 
Bar  and  the  month  of  Old  River.  The  first  crossing  with  the  consequent  bar  for- 
mation below  it  is  caused  partly  by  the  progressive  caving  of  the  right  bank,  assbowu 
at  'A'  on  the  map,  but  probably  also  to  a  ^reat  extent  by  the  deposit  of  sediment  con- 
sequent upon  the  escape  ol  water  through  Old  River,  and  over  the  banks.  As  this  bar 
occurs  in  the  concave  side  of  a  bend  of  the  river,  it  would  seem  as  if  it  mi^ht  be  en- 
tirely removed  by  a  proper  directing  of  the  current  and  regnlaiization  ot  the  bend 
shore,  and  this  without  danger  of  reformat  ion  if  the  deposit  caused  by  escaping  water 
was  stopped  by  confining  the  water.  This  bar  at  times  is  an  impediment  to  naviga- 
tion and  must  have  some  influence  in  retarding  the  passage  of  floods. 

**  The  oscillations  of  the  water  surface  at  Red  River  Landiiij^  an;  between  the  low 
water  of  1872,  which  is  0  on  the  gauge,  aud  the  flood  height  of  1H82,  which  is  48.50  on 
the  gauge.  Owing  to  the  variation  of  the  relative  levels  of  the  Mississippi  and  Red 
rivers,  the  water  at  times  passes,  from  the  former  towards  the  Atchafalaya  through 
Old  River,  sometimes  in  large  quantities,  at  other  times  the  direction  of  current  is  re- 
versed ;  but  each  year  the  flow  increases  in  amount  from  the  Mississi]>pi,  and  for 
longer  periods  of  time,  caused  by  the  enlargement  of  the  Atchafalaya.  The  difficul- 
ties of  the  present  situation,  then,  as  far  as  the  Mississippi  River  is  coneerned,  maybe 
briefly  stated  to  be  the  Angola  Bar,  and  the  deflection  of  tho  water  of  the  river  in  ever- 
increasing  quantities  down  the  Atchafalaya,  and  we  might  imagine  that  in  a  sufticient 
number  of  years  the  bar  would  grow  up  to  be  the  left  bauk  of  tho  river,  and  the  Atcha- 
falaya would  become  the  Mississippi. 

**  Red  River  after  passing  Alexandria  flows  through  a  channel  which  has  tho  high 
land  of  the  Point  Maigre  Hills  on  the  left  and  tho  low  ground  of  the  Lamourie  swamps 
on  the  right,  until  it  reaches  tho  high  ground  of  the  Avt)yelle8  prairies  on  its  right 
bank.  Then  for  a  distance  of  about  9  miles  of  its  course  the  river  flows  in  a  valley 
between  hills  which  has  an  average  width  of  about  2  miles.  It  then  turns  sharply  to 
the  right,  and  for  10  miles  more  has  the  high  ground  on  its  right  At  this  point,  near 
Ware's  Landing,  the  river  turns  sharply  to  tho  left ;  leaves  the  high  ground,  aud  be- 
ing joined  about  li'.i  miles  farther  down  by  tho  Black,  continues  Mil  it  arrives  at  its 
old  mouth,  in  an  old  bend  of  the  Mississippi  River,  at  a  distance  of  about  I)  miles  from 
the  latter  river.  At  this  point  the  water  has  two  channels  which  it  may  follow,  one 
being  to  the  left  of  what  is  now  known  as  Turnbull's  Island  aud  calK  d  Upper  Old 
River,  the  other  to  the  right  of  the  island  and  called  Lower  Old  River. 

"At  high  stages  the  water  flows  both  ways:  but  the  upper  channel  is  filling  up,  and 
at  low  water  none  passes  in.  The  water  of  the  Red  passing  down  Lower  Old  River 
reaches  the  head  of  tho  Atchafalaya  about  '^  ujiles  below  the  head  of  Turnbull's 
Island  ;  and  here  again  th<'re  are  two  channels,  the  Atchafalaya,  which  receives  the 
greater  part  of  the  Red,  sometimes  all,  and  the  continuation  of  Lower  Old  River, 
which  at  times  carries  a  part  of  the  Retl  to  the  Mississip])!,  a  distance  of  (>  miles,  and 
sometimes  brings  water  from  tho  Mississippi  to  the  Atchafalaya. 

"Tho  right  bank  of  tho  Red,  from  Alexandria  to  a  point  near  the  Avoyelles  Prairies, 
is  leveed  ;  below  that  point  there  are  no  leivees. 

"Near  this  high  groun<l  on  the  right  bank  a  small  stream  called  Choctaw  Bayou 
joins  the  Red,  draining  the  Lamourie  Swamps  into  the  Red  when  the  latter  is  h)w,  but 
in  flood  season  taking  water  from  the  Red  and  discharging  it  into  Pearl  Lake,  from 
which  it  escapes  southward  through  bayous  and  over  the  low  land.  Black  River,  en- 
tering the  Red  from  the  north,  brings  in  its  valley  in  time  of  flood,  hesidos  it«  own 
drainage  water,  all  of  the  water  that  escapes  from  the  Mississippi  (►ver  its  right  bank  as 
far  north  as  the  Arkansas  River,  with  the  exception  of  that  which  returns  to  the  Mis- 
sissippi at  certain  points.  The  h*ngth  of  Red  Kiver  from  Alexandria  to  the  Atchafalaya 
is  about  one  hundred  and  ten  miles.  The  high  water  of  1882at  Alexandria  was  77.8  feet 
above  the  zero  of  the  Barhres  Landing  gauge  at  the  head  of  the  Atchafalaya.  The  same 
high  water  at  the  latter  point  wasr.().2Hfeet  above  the  same  zero.  The  high-water  sloj)e 
then  was  27. ',2  ieet,  or  about  .25  foot  ])er  mile.  The  low  waier  of  18H1  at  Alexandria 
was  :VJ.2.'»  feet  above  the  Barbie's  Landing  zero.  The  low  water  of  Ir-^SX  at  tho  latt<T 
place  was  1.2  fe<'t  below  that  zero.  The  low- water  slope  then  was  40.4r>  feet,  or  about 
.:>G^  foot  pel"  mile.  In  \^^]  the  water  was  the  lowest  and  in  1?:?^'2  thehighestevi'r  known. 
Owing  to  the  variations  in  tin*  r  lative  levels  of  tho  water  in  the  Mi^si^^ipl^i  aud 
the  Red,  the  slope  of  the  lower  part  of  the  Red  is  subject  to  violent  chuu;j;es.  When 
the   Red  is  at  a  comparatively  low  stage  the  surface  at  the  head  of  the  Atchafalaya 
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may  vary  as  iniich  as  12  or  14  feet,  and  at  all  stages  it«  surface  level  depends  greatly 
upon  the  condition  of  the  Mi88i8si|yi)i.  The  oonsequeDce  of  this  is  that  at  timei 
the  discliaige  arru  cf  the  lower  portion,  increased  by  the  backing  np  of  the  Missis- 
8ii>j)i,  IN  much  greater  than  at  points  above,  the  velocity  is  sharply  checke<l,  and  a 
deposition  of  sediment  must  result.  This  de]M)sition  is  probably  most  marked  in  the 
vicinity  of  the  mouth  of  Black  River,  for  up  to  that  point  the  river  is  considerably 
deeper  and  wider  than  above.  "When  the  Mississippi  falls,  the  slope  of  lower  Red 
River  is  increased  very  considerably,  the  velocity  is  greater,  and  the  deposit  begins  to 
cut  out.     Sometimes  this  increase  of  slope  is  so  rapid  that  the  cutting  out  of  the  de- 

SOHit  does  not  keep  pace  with  it,  and  then  we  have  the  curious  condition  noted  in 
lajor  Henyaurd's  anuual  report  for  18bS;  that  is,  a  slope  of  only  .037  foot  to  the  mile 
below  lilack  River,  and  a  slope  of  .8  foot  to  the  mile  for  the  fiiHt  8  miles  above  'B\ac\ 
River,  the  latter  t>lopu  creating  such  velocity  of  current  that  steamboats  couid  only 
stem  it  by  using  lines  fastened  to  the  shore.  An  examination  of  the  level  notes  of 
Major  Beiiyanrd's  survey,  however,  discloses  a  much  greater  slope  in  the  first  2  miles 
above  Black  River,  viz,  2.12  feet  to  the  mile,  and  as  the  width  of  cross-section  in 
these  2  miles  varied  from  200  to  300  feet,  it  is  probable  that  at  some  points  a  consid- 
erably greater  slope  obtained.  In  the  flood  of  1^82  the  total  discharge  of  Re*l  River 
e8ca]Kr<l  over  its  south  bank,  the  lower  end  of  the  river  being  filled  with  Mississippi 
crevasse  water.  The  present  difficulties,  then,  of  lower  Red  River  are  a  cont inaal  and 
sometimes  rapid  and  considerable  change  of  slope  and  snfiicicnt  outlet  for  ita  floods, 
the  latter  caused  by  its  lower  channel  being  filled  with  Missi^fflippi  crevusKO  water. 

**  Lower  Old  River,  the  connecting  link  between  the  Mississippi  and  the  Atcba- 
falaya  and  Red,  being  an  old  channel  of  the  Mississii)pi,  has  a  high- water  width 
equal  to  the  Mississippi  for  most  of  its  length,  and  from  the  head  of  Turnbnll  Isl- 
and to  the  foot  has  tbe  form  of  a  flattened  S*     From  the  foot  of  the  island  to  the 
Mississippi,  a  distance  of  about  1  mile,  the  channel  is  nearly  straight,  with  a  high- 
water  width  of  about  800  feet,  the  remainder  of  the  Old  River  channel  having  silted 
up.     Although  at  times  the  current  through  Old  River  is  quite  rapid,  sometimes  in 
one  direction  and  sometimes  in  the  other,  it  is  often  s1ug<^ish,  and  this  may  occnr 
whether  the  Mississippi  is  high  or  h)w.     When  the  Mississippi  water,  altove  the 
low  stage,  enters  Old  River  highly  charged  with  sediment,  it  immediately  loses  a 
great  part  of  its  velocity,  and  drop's  a  large  part  of  its  sediment  at  the  mouth.    As 
the  water  advances  beyond  the  foot  of  Turnbull  Island  it  spreads  out  into  the  wide 
channel,  lost^s  more  velocity,  and  drops  more  sediment.     If  the  Miseissippi  is  hiffh 
enough,  it  spreads  over  Turnbull  Island,  dropping  most  of  its  sediment  near  tBe 
banks.    Tlie  island  is  then  a  largo  bowl,  whose  rim  constantly  grows  higher,  and  a  con- 
siderable part  of  the  flood  Avatcr  remains  after  the  flood  subsides,  forming  ponds  which 
contain  water  at  all  times.     As  the  low-water  season  advances,  and  tne  rivers  fall, 
Old  River  drops  into  a  low-water  channel.    The  deposit  at  the  month  comes  np  bo 
near  the  low- water  surface  that  boats  cannot  pass  unless  a  channel  has  been  dredged 
through.    The  water  from  the  Mississippi  passing  through  the  straight  reach  bugs 
the  island  shore,  which  is  the  concave  side  of  the  bend,  tor  about  two  miles,  when  Ifc 
crosses  to  the  other  shore,  which  then  becomes  the  concave  side.    The  low  land  lying 
between  the  high  banks,  and  which  forms  the  low-water  bank  on  one  side,  like  aU 
banks  which  are  overflowed  by  sedimentary  streams,  slopes  down  from  the  chaoneL 
These  low  lands,  then,  have  ponds  of  standing  water  after  the  stream  has  dropped 
below  its  low-water  banks.    The  current  through  Old  River  makes  a  welf-defined 
low- water  channel,  less  marked  at  the  crossing,  and  scours  out  a  oonitiderable  part 
of  the  high-water  deposit.    As  the  water  in  the  river  falls,  the  water  in  the  pondis  on 
either  side  percolates  through  the  soil  and  drains  into  the  river.    If  the  river  falls 
slowly  it  sustains  its  bunks  while  this  draining  is  in  progress,  but  if  it  falls  rapidly^ 
the  drainage  water  conies  under  greater  head,  and  the  substrata  of  the  banks  oein^ 
converted  into  a  semi-liquid  material,  and  being  unsupported  by  pressure  from  the 
river,  is  squeezed  out  into  the  river  by  the  weight  of  the  supeiiiicumbent  eartii. 
This  action  is  so  decided  in  this  vicinity  as  to  entirely  dam  up  the  river  for  hundreds 
of  feet  when  the  conditions  are  favorable  for  it,  as  they  were  this  year. 

**  The  present  difliculties  in  Old  River,  then,  are  the  bar  at  the  month,  the  sliding 
banks,  and  the  insufficient  low-water  channel  depth  at  the  crossing. 

^*The  Atcbafalaya  River,  previous  to  about  1846,  was  so  blocked  up  with  raft  ma- 
terial that  comparatively  little  water  passed  down  its  channel,  and  the  banks  below 
Simiusport  were  never  overflowed  except  from  backwater.  The  State  of  Loairiana 
undertook  the  work  of  removing  the  raft  to  make  a  navigable  channel  through.  From 
the  time  that  the  channel  was  cleared  the  river  has  been  steadily  enlarging.  As  tbo 
river  began  to  carry  the  flood-waters  of  Red  River  and  crevasse  water  nom  the  Mis- 
sissippi, its  flood  surface  gradually  became  higher  and  higher.  At  first  small  levees 
were  built  to  protect  the  adjacent  country ;  then  larger  ones,  and  finally  levee  build- 
ing was  given  np  in  despair,  and  the  plantations  below  a  |K>int  al>out  21  miles  on  the 
east  bank  and  30  on  the  west  bank  from  the  head  of  tbe  Atchafaluyn,  were  abamloued. 

''This  enlargement  of  tiie  Atcbafalaya  is  still  in  piogress.  In  the  flood uf  1882  the 
upper  part  of  the  river  carried  nearly  one  and  one-half  times  the  entire  flood  di^ 
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ehftrge  of  Red  River,  estimating  tbe  latter  at  200,000  feet  per  second ;  since  that  time 
the  cross-section  has  still  farther  enlarged  both  in  width  aud  depth.  In  low  water, 
owing  to  the  great  depth,  the  slope  and  velocity  are  exceedingly  small,  and  the  ex- 
treme low-water  surface  at  the  head  of  the  river  is  bnt  1.86  feet  above  Gulf  level. 
The  only  obstructions  to  low- water  navigation  are  numeroua  snags  and  remains  of  raft. 
In  flood  tbeslo))eof  the  upper  part  of  the  river  is  quite  sharp,  in  18W2  being  .6  feet  to 
tbe  mile  at  the  head.  Owing  to  the  ragged  nature  of  the  banks  and  bottom,  caused  by 
the  immense  aud  irregular  caving  and  the  sharp  bends,  the  river  in  flood  is  full  of 
whirlpools  and  eddies  and  sad<len  changes  of  direction  of  current.  These  not  only 
make  navigation  extremely  dangerous,  but  diminish  the  capacity  of  the  channel  for 
discbargo.  The  difficulties  to  contend  with  in  this  river,  then,  are  its  constant  and 
rapid  enlargement  threatening  to  take  a  large  quantity  of  the  Mississippi  River  aud 
flevastating  the  country  below  by  its  enormous  overflows,  the  lowornver  being  unequal 
to  the  discharge,  dangerous  high-water  navigation,  and  snag  obstructed  low-water 
navigation. 

*'The  latter  difficulty,  however,  is  not  a  part  of  the  problem  before  us,  except  in 
BQch  plans  as  contemplate  the  passage  of  that  part  of  the  river  by  the  commerce  of  the 
Red,  Black,  and  Ouachita. 

**  Having  thus  briefly  stated  the  situation  and  noted  the  principal  features  of  the 
problem  to  be  solved,  1  will  note  the  diflV-rent  plans  that  have  been  proposed  for  its 
solntion,  without  entering  into  any  extended  discussion  of  them  at  this  time.  Bnt 
before  proceeding  further  it  is  proper  to  note  another  feature  of  the  case,  which  in 
former  years  was  a  very  prominent  one.  It  is  the  drainage  of  the  crevasse  water 
escaping  from  the  Mississippi  in  floods  all  along  its  right  bank  from  the  Arkansas  to 
the  Red.  In  1882  the  maximum  escape  was  estimated  to  be  500,000  cubic  feet  per 
second.  It  entirely  filled  the  Atchafalaya ;  sent  300,000  feet  over  the  ctnuitry  between 
the  Mississippi  and  Bayou  Boenf,  and  returned  about  100,000  feet  to  the.  Misvsissippi 
through  Old  River.  The  average  of  this  water,  which  in  previous  years  was  a  mat- 
ter of  vast  inj]>ortance,  is  rapidly  dropping  out  of  the  problem,  and  in  the  next  year 
will  probably  be  almost  insignificant  by  reason  of  the  leveeing  of  the  entire  Missis- 
sippi front  from  the  Arkansas  to  the  Red. 

**The  following  plans  have  been  proposed  : 

**(1)  To  close  the  Atchafalayai,  turning  tbe  whole  of  the  Red  River  with  its  floods 
\nU^  the  Mississippi,  and  making  a  connection  with  the  Atchafalaya  for  its  commerce 
by  canal  and  lock  at  Plaquemine. 

***  (2)  To  sej)arate  the  Red  and  Atchafalaya  by  a  low- water  dam,  turning  Red  River 
down  upper  Old  River.  This  would  also  necessitate  a  canal  and  looks  at  Plaque- 
mine. 

''(3)  Close  the  mouth  of  Old  River,  thus  making  the  Atchafalaya  a  continuation 
of  the  Red,  opening  communication  from  the  Mississippi  b^  canal  and  lock  at  Plaque- 
mine.  This  plan  also  contemplates,  I  believe,  the  building  of  a  levee  from  Black 
Hawk  to  Red  River,  so  as  to  leave  no  opening. 

**(4)  Leaving  the  rivers  as  they  are  and  opening  a  low-water  communication  by 
canal  and  lock  at  Plaquemine.  '*^ 

**(5)  Making  a  cut  from  Red  River  near  the  mouth  of  Bayou  Cocodrie,  about  15 
miles  above  Barbre's  Landing,  to  the  Mississippi  near  Black  Hawk,  with  either  a  high 
or  low-water  dam  across  the  Red  below  the  cut. 

**  (6)  To  leave  the  rivers  as  they  arc,  and  make  a  low- water  connection  between  the 
Mississippi  and  Red  by  means  of  a  canal  and  lock  at  Black  Hawk. 

**  The  first  plan  has  been  rejected  by  the  Commission  as  being  too  dangerous  in 
pouring  the  floods  of  the  Red  into  the  Mississippi  when  the  latter  was  at  flood  height. 

"The  second  plan  while  necessitating  the  costly  construction  of  canal  and  lock  at 
Plaquemine  for  the  commerce  of  the  Atchafalaya,  would  leave  the  lower  part  of  the 
Red  subject  to  even  greater  variations  of  slope  from  the  backing  up  of  the  Missis- 
sippi than  is  now  the  case,  and  would  not  prevent  the  loss  of  water  from  the  Missis- 
sippi down  the  Atchafalaya. 

**  The  third  plan  would  change  the  route  of  commerce  for  the  Red,  Black,  and  Oua- 
chita, would  necessitate  considerable  improvement  in  the  Atchafalaya,  and  would, 
probably,  be  the  most  costly. 

"The  fourth  plan  would  not  prevent  the  loss  of  water  from  the  Mississippi  down 
the  Atchafalaya. 

"  The  fifth  plan  would  not  prevent  tbe  loss  of  water  from  the  Mississippi  down  the 
Atchafalaya,  and,  as  stated  in  Major  Benyaurd's  report,  would  make  an  uncertain  con- 
nection between  the  Mississippi  and  the  Red,  besides  necessitating  the  Plaquemine 
lock  and  canal  for  connection  with  the  Atchafalaya. 

"  The  sixth  plan  is  subject  to  tbe  same  objections  as  the  fifth,  except  that  the  con- 
Dection  between  the  Mississippi  and  Red  would  not  be  uncertain. 

'*  The  plan  that  I  have  to  present  is  as  follows : 

**  l>iviae  Red  River  at  the  head  of  Tumbull  Island,  one  branch  to  be  called  Red 
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River,  to  bn  oonductet]  throngh  npper  Old  Rivet  to  the  Hlsaissjppi ;  the  otbu  bnHh 
to  liu  callu  I  till!  Atvliitf^luys,  to  lie  ciiii<tuctcd  Anva  lower  Old  Rivpr  into  IheAltlii- 
falnyii.  Enchof  tlicati  limnotit'H  to  buve  an  exlroiue  low-water  KurfatMs  vidtliof  tOO 
feet,  l>ottom  width  of  :l^0  feet,  side  slope  of  1  on  10,  depth  of  4  f«et.    As  Ihii  ii  fa> 


Diagram  .Vs.  1,  *Ar 


»/(A«jfoadff/1883. 


Ill  ilii'  Inwi-Ht  waliT  limiwii  in  tliii  MiiiHiHHi]i|>i  nml  the  Red,  Mid  tiappOilU 
I'oiiii'iitniit,  tlient  n-oiilil  lie  but  vLT.v  few  day",  nil d  onl;  nt  Intemln  a 
:i  till)  cli^ptli  iroiild  nut  Im  );n-atpr.  Tlio  low-tvater  mirrnce  at  the  beul  of 
l-il:ini1  to  ))«  10  feet,  uliovii  th<'  low-wiiiitr  aiirfiice  of  tho  MiwiMiippI  nt  the 
liisn-.iiilil  i;ivi)i>r<l'iii<'of  ID  fi'i'l  ill '.« itiih'H  ttimnKh  tiiiiwrOld  River,  in 
i-tuw  oi'l.nv  w^vr.  ;itiil  u'oiilil  ^ivc  n  v.-louity  of  2.1874  feet  per  acooml, 
i!Hp«r  lioiir;  llir;  Iow-wtiki' Hlopuiloun  tlie  Alphafaluya to l>o 2 feetto  the 
tlio  lioltoiu  of  tliu  river  to  bo  brought  parallel  to  this  laifaee.    Thli 
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would  give  a  volocity  of  2.54  feet;  per  second  or  1.73  iniloH  ptT  Ijo-.ir,  I  would  propose 
to  briii^  tbo  bottoni  of  the  Atchafalaya  up  to  thi.s  ^rado  by  th»»  process  of  siltinjj  up, 
to  be  accoii)[)Iished  by  the  construction  of  subiuertjjed  chnns  of  brush  audstoue,  which 
would  be  placed  at  intervals  of  about  1  mile,  tn<^  siltin*^  between  the  tlams  to  be 
assiHted  by  double  rows  of  submerged  pik\s  with  fo<»t-mats  at  intervals  of,  say,  one- 
quarter  of  a  mile.  The  sides  of  the  low-wati.*r  channel  to  be  <1eiined  by  longituilinul 
dikes  of  low  mattress  work  where  necessary.  The  ch.innel  down  upper  Ohl  Kiver 
to  be  likewise  deliued,  with  occasioual  brush  sills  across  the  bottoni,  to  regulate  the 


Diagram  Xo.  2,  fthowing  the  management  of  flood  after  hnprovement. 

depth,  and  cross-dikes  of  piles  to  confine  the  chanuel.  Assumiug  that  the  water  in 
the  Atchafalaya  mij^ht  fall  to  2.0  on  Barbre's  gauge,  which  is  .8  foot  lower  than  ever 
known  and  only  1.0  foot  above  Gulf  level,  the  allowance  being  made  to  provide  for 
the  le«iser  flow  into  the  Atrliafalayn,  the  total  low-wat«r  fiill  from  the  head  of  Turn- 
bull  Island  to  the  lower  eid  of  the  improved  channel  would  be  12  feet,  and  would 
extend  (>  miles  from  the  be.id  of  the  island  to  a  point  abont  3  miles  below  Barbrc's 
Landinir.  whieb  wonbl  be  about  1|  miles  above  the  beginning  of  the  levee  on  the 
rigbt  bank.    Lower  Old  River  I  would  close  gradually,  partly  by  permeable  dikes  to 
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cause  deposit,  tlio  final  closure  to  be  by  building  a  levee,  if  it  should  be  found  neo- 
essary. 

**  This  plan  is  based  upon  tbe  leveeing  of  the  Tensas  front,  which  now  seems  ftssnred. 
Now,  let  us  apply  the  various  conditions  of  the  present  state  of  affairs  to  this  plan  to 
see  bow  far  it  will  meet  the  requirements  of  the  case. 

^*  With  regard  to  the  Mississippi  River,  none  of  its  water  would  pass  down  to  the 
Atchafalaya  ordinarily,  and  at  no  time  could  it  pass  in  very  great  quantity  or  for  any 
extended  period  of  time.  As  a  consequence  of  this  there  would  be  no  reason  for  the 
existence  of  the  Angola  Bar  if  the  regular  curvature  of  the  bend  of  the  river  wen 
compelled. 

**  With  regard  to  Bed  River.  Tlie  violent  changes  of  its  lower  slope  would  be  tram- 
ferred  to  upper  Old  River,  and  be  limited  to  a  confined  regularized  channel  which 
would  maintain  itself.  The  building  of  the  levees  along  the  Tensas  fh>nt,  thus  pre- 
venting tbe  escape  of  any  of  the  Mississippi  River  water,  fortunately  simplities,  tot 
very  great  (rxtent,  the  matter  of  the  disposition  of  the  Red  River  floods.  To  give  t 
clear  understanding  of  the  flood  condition  of  the  rivers  under  discussion,  I  would  call 
attention  to  <be  two  preceding  diagrams.  No.  1  illustrates  the  overflow  and  outfiow 
of  the  water  in  tbe  vicinity  of  lower  Red  River  during  the  flood  of  1882,  the  highest 
ever  known.  No.  2  illustrates  the  same  with  the  river  improved  upon  the  plan  thst 
I  present  and  supposing  the  Tensas  Front  leveed: 

*'  Duiing  tbe  flood  of  1882  it  was  estimated,  upon  surveys  made  under  the  direction 
of  the  Commission,  that  the  maximum  escape  of  water  from  the  Mississippi  River  be> 
tween  the  Arkansas  and  the  Red,  after  deducting  the  amount  that  returned  to  the 
Mi88i88ip])i,  was  500,000  cubic  (eet  per  second ;  and  calling  the  flood  of  the  Red  200,000 
feet,  it  would  bo  noted  that  700,000  feet  of  water  per  second  crossed  the  latitude  of 
lower  Red  River  west  of  the  Mississippi ;  of  this  amount  more  than  200,000  feet 
flow<>d  over  the  right  bank  of  tbe  Red,  west  of  Old  River,  none  of  Red  River  vster 
making  its  appearance  in  the  Atchafalaya  above  a  point  about  3  or  4  miles  below 
Barbre's  Landing ;  280,000  feet  passed  into  the  cbaunel  of  the  Atchafalaya  at  its  beid, 
and  enough  more  passed  over  the  right  bank  of  Lower  Old  River  to  make  a  total  of 
about  0)00,000  feet  flowing  past  tbe  latitude  of  Red  River  Landing  west  of  the  Mint- 
si])pi.  Thet^e  figures  are  from  Commission  surveys.  The  remaining  100,000  feet  of  the 
in  tie  w  passed  into  the  Mississippi  through  Lower  Old  River,  Upper  Old  River,  and 
across  TurnbuU  Island  and  the  country  just  north  of  Upper  Old  River.  The  dischsige 
of  the  MisNi»sippi  at  Red  River  Landing  was  about  1,<)00,000  feet. 

''  After  iKiNsing  Red  River  Landing  the  escape  from  the  Mississippi  through  crevaasei 
on  the  ri^ht  bank  down  to  Point  Coupee  was  222,000  feet,  which  went  to  swell  the 
flood  of  the  Atehafalaya  Valley,  making  the  total  Atchafalaya dlscbarffo 8SS,000 ftet 
With  the  Tensas  front,  leveed,  the  500,000  feet  of  crevasse  water  would  be  confined 
tothe  Mississii>pi  ehannel;  there  would  then  be  but  200,000  feet  for  whichontletmnsthe 
provided  west  of  the  MissisHippi,  supposing  it  inadmissible  to  discharge  any  of  Bed 
Kiver  flood  into  the  Missiissippi.     Ijet  us  suppose  a  Mississippi  flood  to  reach  the  flood 
heiglit  of  1862  at  the  mouth  of  Old  Rivor.    This  would  be  about  48.5  referred  to 
Biirbi'i'V  Lauding  gnnge,  that  gauge  having  its  zero  0.3  feet  above  Red  River  Landing 
ganj.nv;nMl  tin*  flood  slope  being  about  0.3  feet  from  Old  River  to  Red  River  Landing. 
Now,  to  ])revent  .any  water  escaping  from  tbe  Mississippi,  or  any  passing  into  it,  the 
water  suifaee  of  the  head  of  TurnbuU  Island  must  be  48.5  referred  to  the  BaiWi 
gauge,  and  the  channel  down  the  new  Atchafalaya  must  have  sufficient  oa|>acity  ]te 
carry  200,000  feet  with  the  water  surface  at  that  height.    A  computation  of  tiie dis- 
charge through  the  new  cross-section  at  what  is  known  as  section  4,  near  thebesdof 
the  Atchafalaya,  and  about  the  narrowest  section,  shows  that  the  disohatige  will  he 
200,000  feet  with  tbe  water  surface  at  that  point  at  an  elevation  of  48.15,  wUdi 
would  give  a  fall  .'^  foot  from  tbe  head  of  Tumbnll  Island  to  section  4,  which  ii 
ample  slope  for  that  part  of  the  river  as  detei'mined  by  computation  at  what  IskiMVB 
as  section  8,  0!<1  River  (see  map). 

'*  In  the  computation  for  section  4,  the  assumption  is  made  that  tho  dope  will  be 
at  least  equal  to  the  flood  slope  of  1882.  Athongh  the  surface  at  section  4  is  to  bet 
feet  lower  than  1882,  I  think  there  can  be  no  doubt  that  the  slope  wUl  at  least  SQOJ^ 
that  of  18H2,  when  we  eonsider  that  tbe  lower  Atchafalaya  Valley  is  to  cany  wj[ 
200  000  feet,  while  in  1&82  it  carried  H22,000  feet.  As  a  further  proof  of  this  I^ 
citf'  the  fact  that  whilst  the  flood  surface  of  1874  was  3.5  feet  lower  than  tbefl^^ 
surface  of  1882  at  Barbre's  Landing,  it  was  about  7  feet  lower  at  the  mouth  of  B9J^ 
Courtableau,  50  miles  distance,  as  established  by  one  of  my  assistants.  The  fblM^ 
ing  computations  are  made  to  exhibit  the  discharge  capacity  of  tho  AtflhsW^T* 
River : 

' 'Atchafalaya,  section  4  (survey  of  1881),  Humphreys  and  Abbot's  formula:  Watereb- 
vation,  top  of  flood,  49.9,  Barbre's  gauge:  A=43,100:  W  =  1,038;  P=1,0M;  B* 
.00011364  =  .6  per  mile;  V  =  6.76;  Q=291,356. 
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'Afisistant  Engineer  Ewens'  discharge  measurements  made  at  a  point  above  section  4 
(March  31, 18ri2) :  A  =  38,500;  W  =  1,030;  V=  7,288;  Q=  280,613. 

'  Proposed  Atchafalaya  section  4,  with  subirerged  dam.  Water  elevation  48.15,  Barbres 
gauge:  A  =  33,7li9;  W=:  1,070;  P=l,)50;  S  =  . 0001 1364  =  .6  per  mile;  V=  5.919; 
Q=r  199,879. 

**  The  computation  of  the  discharge  through  section  4  (survey  of  1881)  is  based  on 
he  actual  flood  slope  of  1882,  as  established  by  levels  of  H.  W.  Reynolds,  under  the 
lirection  of  the  Commission.  This  computed  discharge  is  3.8  per  cent,  greater  than 
he  actual  measured  maximum  discharge  as  determined  by  Assistant  Engineer  Ewens 
it  a  section  a  short  distance  above.  An  examination  of  Mr.  Ewens'  notc's  shows  that 
ihia  section  on  December  23,  1881,  when  the  water  was  at  the  lowest  stage  at  which 
i  discharge  was  measured,  was  3.5  per  cent,  greater  than  on  March  31,  1882,  the  date 
»f  the  maximum  discharge. 

"  It  is  almost  certain,  then,  that  section  4,  only  a  short  distance  below  it,  suffered  a 
limilar  decrease  of  area.  The  above  computed  discharge  of  section  4,  decreased  by 
4  per  cent,  of  280,600,  would  give  281,535  cubic  feet,  showing  that  the  computed  dis- 
charge at  section  4  agrees  very  closely  with  the  measured  discharge.  This,  thei,  al- 
0W8  us  to  make  the  necessary  comparison  of  the  discharge  ca])acity  of  this  t-ection  as 
t  was  in  tbe  flood  of  1882,  and  as  it  would  be  with  the  proposed  improvement.  In 
he  flood  of  1882  it  discharged  280,600  feet  per  second.  With  the  proposed  raising  of 
he  bottom  and  with  water  surface  lowered  nearly  2  feet,  it  would  discharge  199,879 
eet,  that  is,  the  entire  Red  River  flood. 

*'A8  this  section  is  shown  in  the  table  in  Major  Betiyaurd's  annual  report  for  1882- 
o  have  the  smallest  area  of  any  of  the  sections  in  th'e  tirst  three  miles  of  the  Atcha- 
'alaya,  any  other  section  would  have  a  greater  capacity  for  discharge. 

"The  following  is  a  computation  of  the  slope  at  section  8,  Lower  Old  River,  requi- 
lite  for  a  discharge  of  200,000  feet,  with  bottom  raised : 

'Section  8,  Lower  Old  River  (survey  of  1883):  Assumed  water  surface,  48.5,  Bar- 
bre's  gauge,  with  submerged  dam.    Assumed  Q  =  200,000 ;  A  =  97,139 ;  V  =  2.0589; 
.  W==  2,920;  P  =  2,935:  Computed  S  =  .00000 1596=.0084  foot  per  mile. 

"The  above  computed  slope  of  about  .01  foot  to  the  mile  would  consume  only  .025 
*oot  of  the  .35  foot  between  elevation  48.5  at  head  of  Turn  bull  Island  and  48.15  at  sec- 
non  4,  leaving  .325  foot  slope  for  tbo  half  mile  above  section  4.  As  the  average  cross- 
lection  width  in  this  half  mile  is  about  1.300  feet,  the  greater  part  of  this  slope  would 
ie  utilized  in  overcoming  the  bend  resistance. 

"  It  would  then  be  seen  that  with  a  flood  equal  to  that  of  1882  the  flood  height  at 
Barbres  Landing  would  be  reduced  nearly  2  feet  with  the  improved  channel,  and  the 
iood  height  on  the  Lower  Atchafalaya  would  probably  be  reduced  to  such  an  extent 
:hat  only  small  levees  would  bo  required  to  prevent  overflow. 

"As  tbe  theory  upon  which  the  Commission  is  proceeding  in  building  levees  sup- 
!>oees  a  reduction  of  flood  heights  of  the  Mississippi,  after  the  completion  of  the  levees, 
the  flood  surface  at  the  mouth  of  Old  River  would  be  lower  than  above  given,  if  the 
*heor>'  is  correct,  in  which  case  a  part  of  the  Red  River  flood  would  be  discharged  into 
:he  Mississippi,  with  a  consequent  lowering  of  the  Atchafalaya  surface. 

"The  same  effect  would  be  produced  if  the  flood  of  the  Mississippi  and  Red  were 
lot  coincident. 

"  With  regard  to  Old  River :  During  the  process  of  forming  the  new  channels 
^wer  Old  Kiver  would  necessarily  be  used.  I  would  propose  to  keep  it  in  naviga- 
d©  condition  by  a  system  of  dikes,  to  direct  and  confine  the  low-water  channel  with- 
•ut  causing  too  great  a  scour.  The  dikes  from  the  foot  of  the  island  to  the  Missis- 
ippi  might  be  apart  of  the  permanent  improvement,  and  the  scour  of  the  current 
lassing  either  way  through  them  would  probably  maintain  a  navigable  channel 
hrough  the  bar  at  the  mouth.  I  would  remedy  the  sliding  banks  ditficulty,  jiartly  by 
Qoving  the  channel  farther  away  from  the  worst  bank  near  Ash  Cabin,  and  by  making 
,  snfiScient  number  of  drains  to  prevent  water  standing  between  the  banks  at  a  higher 
evel  than  the  river.  When  Upper  Old  River  became  the  navigable  channel,  its 
onfined  limits,  regular  cross-section,  and  constant  current  would  maintain  it  in  good 
;ondition  and  sweep  out  its  depth  through  the  bar  at  the  mouth.  The  sliding  banks 
kre  not  so  troublesome  as  in  Lower  Old  River,  and  the  standing  pools  in  the  low 
aiddle  ground  would  soon  disappear  by  compelling  the  silting  up  of  regular  banks 
vith  slopes  towards  the  river. 

**With  regard  to  the  Atchafalaya,  the  fixing  of  a  stable  bottom  and  immovable 
;balweg  would  stop  the  immense  and  irregular  caving  of  the  banks  in  the  improved 
sbannel ;  they  would  become  more  regular  in  outline  by  the  wearing  away  of  projec- 
tions and  silting  up  of  cavities,  and  as  a  consequence  the  dangerous  eddies  and  whirl- 
pools would  disappear  or  be  greatly  lessened.  The  natural  channel  below  the  im- 
provement, having  less  water  to  carry,  would  not  enlarge,  and  the  banks  woulp 
gradually  become  more  regular,  small  levees  would  confine  the  floods,  and  tho  deserted 
plantations  would  again  be  cultivated. 
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"The  project  ih.it  1  i)re»'ei]t  thus  appears  toiiieotall  of  theeon<liti«»iihof  theprohh.ii 
and  <)v»'rt<niie  the  dilliculties  of  the  present  sitnation,  giv'n*;  a  permanent  hihI  sulii 
eient  iniprovcineni  ot  the  navigation  without  distnrbini;  tht)  present  rontts  nf  eoni- 
luerce,  and  niiikin^  proper  pro\  isions  for  li<K)d  diHchargr.  If  any  of  the  eon«iitions  ro 
be  met  here  escai-ed  my  observation,  1  have  no  doubt  the  Connnisaion  will  dis*ov«T 
tliem.  In  the  i>rosecntion  of  tins  plan,  I  would  i)roi>08t»  toeommence  the  work  at  iLe 
lower  end  on  the  Atchafalaya,  eonstrnelinjjj  the  dams  in  the  order  of  1,  :i,  5,  7,  as  it 
mi^ht  be  found  that  "l,  4,  6  wouhl  n<»t  be  necessary,  or  their  c«  at  lessened  by  di»erease 
of  height  from  the  silting  up  of  the  bottom.  I  would  not  at  iirst  build  the  daniH  ti» 
their  n It \ mate  hi'ight,  so  as  to  ]irevent  any  sudden  and  harmful  incivase  of  slope. 

''According  to  the  testimony  of  M.  .Jac(|neT,  <  hief  «-ngiue  r  of  Ptmts  et  Cbau»>^ea 
(see  Colonel  Merrill's  translation  on  the  Improvement  of  Non-Tidal  Rivers,  page  ^^)f 
subnnTged  dams  may  be  brought  to  within  8  feet  of  low-water  surface  without  cans- 
iug  the  least  injurious  disturbance  on  the  surface. 

''Th<^  following  is  an  a])proximate  estimate  of  the  cost  of  this  work  : 

ATCHAFALAYA  RIVER. 

7  submerged  dams  of  brus!;  aiul  stone,  containing  7,365,710  cnbic  feet,  at  4 

cents ^294,630 

8  miles  =:  two-thirds  of  entire  distance  <m  both  sides  of  channel  fW>ni  Turn- 
bulTs  Island  to  lower  vui\  of  improvement  =  4*2,240  feet  low  longitudi- 

•  nal  mattress  dikes  of  brush  and  stone,  *.J,1G8,00()  cubic  feet,  at  4cenis 126,7*20 

Cross  lines  of  submerg<'d  piles,  1:J,G00 linear  feet,  at  $5 6(^,000 

Excavation  for  ehanm'l,  H()0,tKK>  yards,  at  10  cents 86,000 

575,  '.iro 

UPPER  OLD  RIVER. 

1*2  miles  =  two-thirds  of  entire  distance  on  both  sides  of  channel  from  head 
of  TurnbulTs  Island  to  the  Mississii)])!  =  03,300  feet  low  longitudinal 

mattresq  ilikes  of  brush  and  stone  =  4,7.V2,(K)0  cubic  feet,  at  4  cents flllM),  fieO 

36  brush  and  stone  sills  across  <'hannel,  1,0?:{0,000  cubic  feet,  at  4  cents 4!i.  2(^ 

41,()(X»  linear  iW\  cross  dikes,  at  !c;4 li)4,000 

Excavat ion  for  channel,  40H,C>00  yards,  at  10  cents 40,  STjO 

43H,  130 
CLOSING  LOWER  OLD  RIVER. 

4  dikes  =  1*2.(100  linear  feet,  at  |;4 $48,000 

Atchafalaya  River 675,;{f)0 

Upper  Old  River 438, 1: -0 

Lower  Old  River 48,(«00 

Aggregate 109,4^ 

**  As  Lower  Old  River  will  necessarily  1m*  used  for  communication  with  the  Red  and 
Atchafalaya  (])ending  the  completion  ot  work  under  any  plan  that  might  be  adopre«l), 
I  recommend  that  the  low-waler  (*hanne]  1m^  directed  and  delinedby  aKyHteinot  itikes 
about  as  indicated  on  tracing-sheet  2,  an<l  that  a  Menge  dredge  should  cut  drains  to 
the  ponds  in  the  low  ground,  and  to  assist  in  <-orrecting  the  channel.  The  follfi\vin'.r 
is  the  estimate  of  the  rj)st  (»f  this  temporary  work  which  would  be  utiliz<Ml  as  a  part 
of  the  ])ermanent  work  if  niy  }>roject  shouitl  meet  the  approval  of  the  Comuiiminii. 

KSTIMATK  FOK   TEMPORARY    IMPHOVKMKNT  AT   LOWER  OLD  RIVER. 

l3,riO(Hinearl*eet  pile-dikes,  at  :J3 t40,euO 

7,100  linear  fe<'t  low  mattress  longitudinal  <like,  at  8^5 ^I^VAIO 

Alenge  dredge,  with  scows 10,  IXN) 

One  s<*ason's  work  with  dredge :t,(NiO 

75,  IWI 

"Of  th«'  work  for  tht*  above  outlay  about  one-half  would  be  utilized  in  the  plan  for 
permanrnt  im]>rovement.  Tho  plant  re<[uii*ed  for  alM)ve  work,  in  addition  to  the 
<lredge.  wouhl  be  similar  to  that  used  in  work  on  the  Mi>sissippi.  Much  to  uiy<liiMi|t. 
]»ointnirnt,  the  surveys  ol  the  vicinity  of  mouth  of  Red  River  have  not  been  cnm- 
])leted,  at.d  I  am  obliged  to  ]>re8ent  tracings  from  old  maps,  which,  while  not  b^iog 
(torn'ct  in  detail,  are  suOiciently  so  in  general  outline  to  give  a  fair  nndenBtanding  of 
the  project  presented. 
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I'bo  exnct  locatiou  of  dums  or  liues  of  clmiiuel  is  not  attempted,  and  would  ro- 

cjuire  rurel'iil  survey  and  study.     Tracinj^-sluMft  No.  1  relates  to  the  general  plan;  No. 

M  to  ili*^  touiporary  work  in  Lower  Old  Kiver.    The  a(xompanyiug  papers  are  two 

sheets  (tracings  showing  channels)  and  seven  sheets  (cross  sections),  which  are  mailed 

in  a  M^parate  package. 

"Very  re8i)ecttully,  your  obedient  servant, 

**Amo8  Sticknby, 
**  Major  of  Engineers,  U.  8.  A, 
** Lieut.  Col.  C.  B.  Comstock, 

**  Corps  of  Evgine(r8y  U.  S,  A.^ 

''Fremlent  Aliasissippi  Hiver  Commission.** 

In  this  project  ])ro vision  is  made  for  keeping  a  navigable  channel  through  Old 
River  during  the  p^og^e^^^  of  the  work.  No  dehnito  action  having  been  taken  on 
this  project,  I  was  dirocttd  by  the  Commission  to  maintain  the  channel  as  hereto- 
fore by  dndging.  Havii  g  ol.taitit^d  the  proper  authority  for  the  hire  of  a  plant,  two 
tnpe  and  astern-whfel  wtfaniboat  started  the  work  of  scouring  on  August  8,  1884. 
At  this  time  the  depth  of  water  was  as  follows: 

On  the  bar  at  inonih  of  Old  Kiver,  13.5  feet.  From  mouth  of  Old  River  to  the 
Atehafalaya  the  least  depth  was  13  feet  on  the  crossing.  On  the  bar  at  the  head  of 
the  Atehafalaya  River  the  least  depth  was  14  feet. 

The  tugs  eniployod  on  the  work  were  of  sufficient  draught  and  power  to  stir  up  the 
bottom  long  before  the  <lepth  decreased  to  an  extent  to  cause  any  interference  to 
navigation.  They  worked  until  August  31,  when  the  river  had  fallen  to  9. 4  feet  at 
Red  River  Landing,  and  0.  8  feet  at  Barl)re'H  Landing.  It  was  then  found  that  they 
could  not  cut  away  tln'  bdttom  so  aw  to  maintain  a  <-hannel  deep  enough  for  them  to 
continue  at  work,  and  alter  some  narrow  escapes  Irom  capsizing,  they  were  laid  up  at 
Barbre's  Landing.  A  sora])er  was  then  madeef  anchors,  and  the  lip  of  a  dredge  dipper 
fastened  to  a  horizontal  timber  and  hung  over  the  bow  of  t he  stern- wheel  steamer, 
which,  backing  down  stieaiu.  rlragged  the*  scraper,  and  by  this  means  gradually  deep- 
ened the  rhanuel.  But  this  was  not  Kiilhcient  to  maintain  a  channel,  as  the  material 
in  suspensinuin  the  Mississi[>pi  River  water  wiis  deposited  in  the  comparatively  broad 
chann«l  between  Chandler's  and  Barbre's.  To  contine  the  flow  to  a  narrower  chan- 
nel, spurs  \v<'re  thrown  out  from  the  bar  shore.  They  were  constructed  of  willow 
brush,  throw  n  lu'tween  two  rows  of  stakes,  and  w  eighted  with  sand-bags.  Fifteen  of 
these  spurs,  each  about  60  feet  h)ng,  were  placed,  and  produced  a  good  effect.  Two  of 
these  willow  structures  were  alse  placed  on  the  bar  at  the  mouth  of  Old  River  to  de- 
tine  and  help  dee]>en  the  channel.  A  Meuge  dredge  was  employed  to  work  in  connec- 
tion with  the  other  boats.  It  was  to  have  been  at  Old  River  about  August  7,  hut 
owing  to  a  breakage  ol  her  machinery,  she  did  not  arrive  till  August  '26.  This  delay, 
however,  was  of  little  cousecpieuce,  as  the  channel  had  been  maintained  with  plenty 
of  dei>th.  It  commenced  work  Se]>tember  1,  in  the  bar  at  the  mouth,  hut  owing  to 
inability  to  hold  itself  in  the  current,  accomplished  little  good.  It  was  then  taken 
to  the  bar  at  the  head  of  the  Aichulalaya,  which  had  increased  in  width  and  shoaled 
considerablv. 

After  working  a  short  time  it  was  removed  to  await  new  lines  and  anchor.  On 
JSe]>tember  15  it  was  again  placed  at  work  on  the  bar  at  the  mouth,  and  has  been  doing 
better  but  not  entirelv  satisfactorv  work. 

On  8e]>tember  12,  the  scrai)er  having  deepened  the  channel  over  the  Atehafalaya 
bar  to  admit  the  tugs,  they  were  put  to  work,  and  have  maintained  at  least  7  feet 
tle])th.     At  last  reports  the  depths  through  Old  River  were,  as  follows: 

From  mouth  to  the  gut,  least  depth.  7  feet;  in  the  gnt,  least  depth,  5  feet;  from 
t  he  gnt  to  Chandler's  Landing,  least  depth,  6  feet ;  Chandler's  to  Barbre's,  least  depth, 
4  ii'Qt ;  on  Atehafalaya  bar,  7  feet. 

This  method  of  keeping  Old  Kiver  navigable  during  low  water  cannot  be  relied  on. 
We  have  had  a  hard  tight  to  maintain  the  channel,  and  I  would  recommend  that  some 
struct  lives  be  placed  lor  contracting  the  low-water  channel  before  another  season. 

Approximate  estimate  of  the  cost  of  the  work  for  the  rectification  of  the  mouth  of 
the  K'cd  and  Atchatalaya  rivers,  according  to  my  project  of  December  15,  1883,  with 
10  per  cent,  added  for  contingencies,  is  Sli<l'^>902.tt0. 

The  following  is  the  report  of  Mr.  A.  O.  Wilson  on  the  survey  of  the  vicinity: 

**  survey  of  thk  mouth  of  red  river  and  vicinity. 

"  United  States  Engineer  Office, 

"  AVir  Orleans^  La.,  Apnl  30,  1884. 

*' Major:  I  have  the  luuior  to  submit  the  following  report,  with  the  map,  cross- 
sect  ion  sheets,  and  tables  of  gauge  readings  and  current  observations,  made  from  the 
8ur\'ey  of  the  iiiouth  <•!  IJed  Iviver  and  vicinity. 
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"  In  accordanco  with  your  iuatnictioDB  to  proceed  to  the  month  of  Bad  River  and 
make  a  thoroDgh  and  accurate  survey  of  the  lacinity,  relocatinffjuid  repeatinff  all  the 
cross-sect ionH  as  shown  on  the  maps  from  the  surveys  of  lo79,  1880,  ana  1881,  I 
arrived  at  the  Red  River  Landing  June  10, 1883,  my  party  of  twelve  being  conipleto, 
with  the  steam-launch  Maud  Rand,  on  the  22d  of  June. 


(f 


EXTENT  AND  METHOD  OV  SURVBT. 


*  *  The  survey  extends  on  the  Mississippi  River  fh>m  a  point  below  the  Red  RivorLand- 
lug  to  a  point  2  miles  above  the  mouth  of  Old  River,  consisting  of  a  carefolly  chained 
traverse  line  up  the  right  bank,  with  accurately  located  triangulating  stations  half  a 
mile  apart,  from  which  a  series  of  angles  were  taken  upon  flaff  stations  placed  alone 
the  opposite  bank  at  every  point  or  change  in  the  line  of  uie  bank,  and  upon  all 

{>rominent  buildings,  Government  lights,  and  four  triangulating  slatioos  xUong  the 
eft  bank. 

''The  distance  between  the  first  two  triangpilating  stations  on  the  right  bank  is 
2,235.86  feet,  carefnlly  measured  and  checked  with  a  steel  tape  measure,  constitnted  the 
base  line  of  the  triaugulatious,  whereby  all  the  other  chained  distances  between  sta- 
tions have  been  checked  and  proved  correct. 

"  The  line  of  the  top  of  the  bank  was  taken  by  measured  ofibete  every  200  feet 
from  the  transverse  line.  Sixteen  cross-sections  were  taken  iu  the  Mississippi  ftom 
Carr's  Point  to  tlie  Red  River  Landing ;  the  locations  of  the  soundings  were  made  by 
angles  niea suited  by  two  transits  on  the  stations,  chosen  so  as  to  give  an  intersection 
on  the  range  of  the  cross-section,  each  section  being  sounded  over  twice,  the  oroM- 
sections  being  carried  on  to  the  top  of  the  bank  and  connected  with  the  traverse 
line  by  levels. 

"A  chained  Hue,  run  with  a  transit  and  checked  by  stadia  measure,  waa  run  from 
the  swamp  below  the  Red  River  Landing  along  the  top  of  the  levee  to  apoint  5  miles 
below  Simmsport,  on  the  Atchafalaya  River,  with  the  topography,  locating  M 
churches,  schools,  gins,  houses,  roads,  and  fences  in  the  vicinity  of  the  river,  also 
all  the  Atchafalaya  cross-sections. 

"A  traverse  line  was  run  along  the  right  bank  of  Old  River  from  the  MiseiaaipBi 
to  the  foot  of  Tnrnbuirs  Island,  locating  the  cross-sections  U,  D,  Y,  and  H,  with  on- 
sets every  200  feet,  to  the  top  of  the  bank,  and  angles  on  flag  stations  on  the  opposite 
bank ;  thence  along  Tumbull's  Island,  relocating  the  crossHBCotions  of  1880  ana  1861 
in  tho  Lower  Old  River,  lettered,  respectively,  T,  8,  R,  P,  N,  M,  L,  and  K,  where  it  b 
connected  from  Ash  Cabin  by  triangulation  with  the  line  on  the  top  of  the  levee  near 
Chandler's  Landing;  also  with  the  chained  transit  line,  checked  by  stadia  meaaore. 
ninniiig  completely  around  TumbulVs  Island,  which  locates  aU  levee  work,  roada,  and 
buildings  on  the  island ;  also  the  11  cross-sections  taken  in  the  Upper  Old  River,  the 
cross-sections  in  the  Red  River,  taken  for  the  low-water  discharge  and  the  orosa- 
sections  iu  Old  River  between  the  mouth  of  Red  River  and  the  head  of  the  Atchafalaya 
River,  previously  taken  in  1879,  1880,  and  1881.  A  chained  transit  line  waamnflroin 
the  foot  of  TumbulFs  Island  connecting  with  t^e  Mississippi  traverse  line  at  Can's 
Point. 

"A  chained  transit  line  was  run  firom  the  Mississippi  at  Canr's  Point,  locating  the 
high  ground  and  levee  work,  to  the  Upper  Old  River,  connecting  with  the  traverse 
lino  on  TnrnbnlPs  Island  at  Cross-section  No.  III. 

"  The  transit  lines  were  connected  with  all  the  known  fixed  points  of  previona  anr- 
veys,  and  permanently  referred  to  6  stone  monuments,  placed  in  pairs,  one  pair  lo- 
vtiXvd  on  tlie  high  ground  back  from  the  Mississippi  atCair's  roint,  1,376X16  feet 
apart ;  the  second  pair  near  the  head  of  Tumbnlrs  Island,  1,72S.9  feet  apart :  the 
third  pair  on  the  side  of  the  road  between  Chandler's  Landing  and  Barbre'a  lianoing, 
1,(U1.1  foet  a]>art,  with  Mississippi  River  Commission  iron  bench-mark  in  the  planta- 
tion of  J.  Torrns,  and  the  stone  monument  bench-mark  in  the  levee  directly  in  front 
of  tho  iron  beuoh-mark,  near  the  residence  of  J.  Terras;  also  with  the  Coaat  and  Geo> 
detic  Survey  stone  monument  half  a  mile  above  the  mouth  of  Old  River,  on  the  Ti|^^ 
bank  of  the  Mississippi  River. 

"LINKS  OF  LEVELS. 

''  Two  lines  of  levels  were  run  from  the  Red  River  Landing  to  Barbre's  Landing 
starting  from  a  bench-mark  established  in  1880  by  Mr.  Rees;  both  Hoes  agree  wit 
each  other,  and  with  the  difibrence  between  the  Red  River  Landing  gauge  and  th< 
at  Barbre^s  Landing  of  0.32,  as  established  by  Mr.  Rees  in  1860,  

"A  line  of  levels  was  carried  down  the  Atx;hafalaya,  checking  with  itwdf  and  wL  -Mh 
the  i>en eh  marks  of  Mr.  Collins  at  Simmsport>.  A  line  of  levels  was  canird  front  U^Xie 
mouth  of  Old  River  up  the  Lower  Old  River,  and  connecting  with  ih<*  lim*  along  ^Ib^ 
h'vei'  on  inory  cross-section  run  from  rumbuirs  Island  to  the  Icvec ;  another  7^  ~^ 
van  completely  around  TurnbnlPs  Island,  showing  the  height  and  every  break  in 
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levee  work  on  the  island,  connecting  and  checking  with  a  lino  of  levels  ran  from  Bar- 
bre^R  Landing  gauge  to  the  discharge  sections  in  Red  River  near  the  head  of  Tom- 
bull's  Island. 

'*A  line  of  levels  was  run  up  the  right  hank  of  the  Mississippi  to  a  point  2  miles 
above  the  mouth  of  Old  River;  another  line  was  run  from  the  high  ground  at  Carr's 
Point,  showing  the  height  and  breaks  of  the  levee  work  between  the  Mississippi  and 
the  Upper  Old  River,  connecting  with  the  level  line  on  the  island.  A  line  was  also 
rnn  from  Carr's  Point  across  the  bottom  of  the  old  bed  of  the  Mississippi  to  the  foot 
of  TumbulPs  Island.  Bench-marks  were  established  about  every  half  mile  on  these 
lines,  from  which  all  the  cross-sections  were  taken  and  the  surface  of  the  water  at 
the  time  of  sounding. 

'*  NUMBER  AND  LOCATION  OF  CROSS-SECTIONS. 

''  The  sixteen  cross-sections  in  the  Mississippi  number  from  0,  at  Carr's  Point,  to  15, 
at  the  Red  River  Landing ;  the  numbers  from  1  to  7  are  in  identically  the  same  loca- 
tions as  sections  previously  taken  in  1880  and  1881. 

*'  Cross -sections  in  Bedy  Oldy  and  Lower  Old  rivers, — Number  1,  with  another  section 
Bounded  200  feet  below  it,  at  the  mouth  of  Red  River,  were  taken  on  the  16th  of  Oc- 
tober for  the  low- water  discharge  of  Red  River,  the  gauge  at  Barbre's  Landing  read- 
ing at  the  time  —0.3  foot.  At  this  time  both  the  Upper  and  the  Lower  Old  rivers  were 
dry,  so  that  the  low-water  discharge  of  Red  River  of  1883,  amounting  to  6,951  cubic 
feet  per  second,  is  exactly  the  same  as  the  discharge  through  the  head  of  the  Atcha- 
falaya  River.  The  observations  for  the  discharge  were  taken  on  a  perfectly^  calm  day 
by  a  series  of  floats  run  with  sinkers  at  mid  depths  on  each  subdivision,  the  river  being 
divided  into  ten  subdivisions,  and  the  discharge  for  each  being  calculated  separately. 

'*  Cross-sections  5,  7,  8,  A,  B,  and  C,  in  Old  River,  between  the  mouth  of  Red  and 
the  head  of  the  Atchafalaya,  are  located  as  nearly  as  possible  over  the  same  lines  as 
ihose  similarly  designated  in  the  previous  surveys.  In  the  Lower  Old  River  the 
cross-sections  are  lettered  and  located  as  those  of  the  two  previous  surveys,  and  are 
as  follows,  commencing  at  Barbrc's  Landing:  E, F, 6, 1,  Z,X,  K, L, M,N, P, R, S, and 
T,  at  the  foot  of  Tumbuirs  Island;  in  the  mouth  of  Old  River,  between  Turnbull's 
Island  and  the  Mississippi,  Cross-sections  D,  V,  and  H,  as  located  and  sounded  by  Mr. 
John  Ewens  in  1882,  and  Section  U  of  previous  surveys. 

**  In  the  Atchafalaya  the  sections  are  distinguished  by  numbers.  No.  2,  at  the  head, 
down  to  No.  12,  2  miles  above  Simmsport,  are  over  exactly  the  same  line  of  section  as 
those  of  Mr.  Rees.  Nos.  2, 4, 6,  A,  10,  and  12  were  taken ;  the  others,  Nos.  13,  14,  15,  16, 
and  17,  though  not  exactly  on  the  line,  can  be  compared  with  sections  previously  taken 
close  to  them  by  Mr.  H.  C.  Collins  in  1880.  The  soundings  for  all  the  above-mentioned 
cross-sections  were  carefully  located  by  angles  measured  with  a  transit,  and  calculated 
from  a  carefully  measured  base  of  not  less  than  500  feet,  each  section  being  sounded 
over  three  different  times,  each  line  being  plotted  and  calculated  separately  from  the 
others,  so  as  to  give  a  thorough  check  and  detect  any  error. 

**  The  cross-sections  in  the  Upper  Old  River,  with  the  exception  of  a  part  of  two  which 
were  sounded  as  those  in  the  Lower  Old  River,  were  taken  by  level  and  chain  across 
the  dry  bed  of  the  river  ;  all  cross-sections  were  connected  with  the  traverse  lines, 
both  by  transit  and  level.  To  facilitate  any  future  comparison  that  may  beregnired, 
the  sections  of  the  Upper  Old  River  are  numbered  in  Roman  figures.  No.  VlII  fol- 
lows nearly  the  line  of  No  III  of  the  survey  of  1879  ;  No.  VII,  that  of  No.  V ;  No.  VI, 
of  Nos.  VII.  Nos.  V',V,  IV',  IV,  III,  II,  and  I  are  new  sections.  The  map  will  show  clearly 
the  location  and  extent  of  the  cross-sections  ;  also  the  soundings  taken  and  located  by 
the  intersection  angles  of  two  transits  in  the  mouth  of  Old  River  and  the  Mississippi 
adjacent. 

"  OBSKRVATIONS  OF  THE  DIRECTION  AND  VELOCITY  OF  THE  CURRENT  IN  THE  MOUTH 

OF  OLD  RIVER. 

**  According  to  your  letter  of  instruction  received  July  18,  1883,  notes  were  taken 
every  day  of  the  direction  of  the  current,  and  the  velocity  was  ascertained  by  the 
running  of  two  floats  with  sinkers  suspended  at  average  mid-depth.  The  course  of 
the  floats  was  about  50  feet  on  either  side  of  the  line  of  the  deepest  water  in  the  chan- 
nel, and  the  time  taken  while  passing  a  carefully  measured  base  line.  The  results  of 
these  observations  are  shown  in  the  table  of  comparative  gauge-readings,  direction 
and  velocity  of  the  currents  in  the  mouth  of  Old  River. 

*^The  actual  readings  of  the  Red  River  Landing  gauge  are  reduced  by  OM  feet  to  the 
datum  of  the  Barbre's  Landing  gauge,  the  zero  of  which  is  0.3  feet  above  the  zero  of 
the  Red  River  Landing  gauge;  and,  by  the  following  extract  from  M^.  W.  H.  H. 
Benyaurd's  report  to  the  Chief  of  Engineers,  February  lb,  1882,  it  is 3. 06  feet  above  the 
level  of  Gulf.    (Extract). 
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'^The  lowest, water  ever  kuown  at  that  point  occurred  on  September  18,  at  which 
time  tho  wat<;r  sorvico  had  fallt'ii  at  Barbro's  1.20  feet  below  the  zero  of  that  gan(;e. 
This  z<M'<)  iH  0.:)  of  a  foot  above  tlie  zero  of  the  gauge  at  Red  River  Lauding,  which 
coiTos])<>n(ls  to  the  li»w  watt-r  of  1872. 

"  From  tlio  date  of  the  highest  water  of  the  year  18^3,  which  occurred  April  9,  the 
direeiioii  <»f  the  current  in  Old  River  was  ont  towards  the  Mississippi  until  July  I, 
when  it  changed  in  towards  the  Atchafalaya  ;  during  this  time  the  fall  of  the  water 
wa«  slow  and  only  amounted  to  6.H  feet.  The  water  was  over  the  banks  of  Old  River 
below  the  foot  of  Turnbull's  Inland  until  the  end  of  July;  the  same  condition  of  the 
direction  and  eoursi*  of  the  current,  as  Mr.  Rees  notes  in  his  report  on  the  Survey  of 
38Hu.  occurred  frequently,  namely,  that  at  times  when  the  difference  of  the  water 
level  of  the  MiKsissippi  and  the  Red  Rivei  was  very  slight,  the  current  came  down 
the  Upper  Old  River  from  Red  River  to  the  foot  of  Tumbnll's  Island;  thence,  by  the 
Lower  Old  River,  into  the  Atchafalaya  River.  The  annexed  table  of  comparative 
gauge  readings  and  notes  of  the  direction  of  the  current  and  its  velocity  will  show 
that,  during  the  fall  of  the  water  the  direction  changed  visibly  iive  times,  and  that  it 
wiiH  often  almost  stationary.  The  fall  of  the  water  was  gradual  until  Septt^niber  1, 
when  the  stage  of  the  river  was  14. SK)  at  both  gauges,  after  which  the  fall  was  rapid. 
October  the  ir)th  both  the  U]»per  and  Lower  Old  rivers  were  dry. 

"October  If:*,  the  water  in  the  MihsisKippi  having  riwn  to  ;').!♦  feet  on  tlu!  Red  River 
Lauding  gauge,  the  How  of  water  in  the  Lower  Old  River  i-ebumed,  the  surface  fall 
from  the  Mississippi  to  Barbre's  Landing  being  5.8  feet,  and  increasing  to  G.9  feet  on 
the  2'.U1  and  24th  of  October,  the  current  at  this  time  in  the  narrow  gut  near  Ash  Cabin 
being  terrific.  Both  rivers  steadily  rose  until  December  the  I4th,  the  current,  owine 
to  the  head  of  water  more  than  to  the  surface  fall,  being  very  strong.  The  water  fell 
on  the  Barbre's  Landing  gauge  l).4  feet  from  De(jcmber  14  to  December  30,  the  velocity 
of  the  current  steadily  decreiising,  after  which  it  suddenly  inet'eased  in  velocity  and 
ro.se  rapi<lly  until  the  loth  of  January,  1884,  the  strongest  current  being  on  the  9th 
and  10th  of  January,  at  the  rate  of  7.UI  feet  per  si'cond,  or  very  nearly  5  miles  per 
hour.  January  23  the  current  was  again  almost  imperceptible.  At  this  date  the  cur- 
rent observations  ceased,  the  survey  being  completed. 

"OIISKRVATION'S  ON   TIIK  ATCHAFALAYA. 

'''The  bottom  and  both  banks  of  the  Atchafalaya  Rivet  are  very  ragged  and  irregu- 
lar in  their  formation,  caving  and  washing  out  in  small,  deep  bays,  the  moutlisof 
which  are  afterwanls  blocked  up  with  sand-bars;  large  nia«*ses  of  earth  frequentl}' 
sli<1ing  into  the  bottom  and  standing  u))  in  siiarp  ridges  or  in  rough  pyramids,  chang- 
iiig  gr(>atly  the  shape  of  a  cross-Ncction,  ami  causing  the  current  at  high  water  to  be 
very  turbulent,  full  of  wiiirlpools  and  vertical  ed<lies. 

**The  tabl(>  X<.). 2,  showing  the  change  in  the  areas  above  and  below  the  datum  line 
of  the  zero  of  Barbre's  Landing  gauge,  with  the  amount  of  their  scour  «»r  (ill  fnmi  1880 
to  18H1,  and  18^1  to  lti83,  gives  the  information  that  the  Atchafalaya  continues  to  en- 
large <m  every  cross-section  with  two  exceptions  only,  and  tho.se  between  the  yeara  of 
IWO  and  1881,  the  first  on  Cross  Sect  ion  No.  "2  near  t he  head,  amounting  to  1,55(1  mqiiare 
feet  below  the  zero  line;  the  other  was  on  Cross-Section  No.  (5  and  only  amounted  to 
300  sqnare  feet.  By  examining  the  com])arative  cross-sections  of  that  year  in  the 
Lower  Old  River  tins  shoaling  of  the  head  of  the  Atchafalaya  will  be  accounted  for 
by  the  enormous  scour  shown  on  almost  every  cross-section,  and  the  fact  that  there 
was  a  steady  and  stnmg  current  from  the  MiN&is.sippi  towards  the  Atchafalaya  during 
the  fall  from  high  to  low  water  of  lf*Hl. 

**  The  nature  of  the  soil  (if  which  the  bottom  and  banks  is  composed  is  of  a  very  va- 
riable character,  and  in  no  portion  within  the  limit  of  the  survey  can  a  cross-section 
be  obtained  that  will  show  the  same  character  of  soil  from  bank  to  bank.  A  notable 
subsidence  is  shown  on  the  conqiarative  Cro.ss-8ection  No.  0,  where  a  very  large  mass 
of  bank,  ai)i>arently  of  a  stabh^  character,  settled  vertically,  leaving  a  i>erpendicnlar 
break  in  the  bank  of  Vi  feet  in  height.  This  took  {dace  between  the  months  of  June 
and  N<»  vein  her,  1^83. 

*'  The  Hood  surfact^  slope  at  the  highest  stage  of  the  Atchafalaya  ever  known  ou  the 
llrst  '.\2  miles  from  the  head  ha<l  an  average  slojie  of  (i^  inches  to  the  mile,  taken  from 


Railroad  crosses,  the  elevaticm  of  which,  referring  t<i  the  same  datum,  is  34  feet,  and 
would  n-ad  *M  fert  on  the  West  Melvilh^  gauge  as  it  now  stands. 

"  I  will  here  add  the  l!(»o«l  notes  of  1HS4,  as  tliev  mav  be  of  interest. 


t 
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fange  readins  the  same  date  March  31,  30.45  feet,  aud  arriving  at  the  highest  point 
.pril  5,  30.8  leet.  From  the  above  data  we  find  the  flood  anrtace  fall  on  March  31, 
It^,  on  the  first  32  miles,  to  be  at  the  average  rate  of  Cy^  inches  to  the  mile,  and 
on  the  first  5  miles,  5  inches  to  the  mile. 

**  The  low-water  surface  slope  of  the  Atchafalaya  on  the  first  32  miles  from  the  head, 
from  the  gauge  readings  October  16,  1883,  was  found  to  be  five-eighths  of  an  inch  to 
the  mile,  and  the  discharge  through  the  head  6,951  cubic  feet  per  second,  Barbre's 
c^nge  reading  0.3  below  zero,  aud  the  West  Melville,  referring  to  the  same  2.1  feet  be- 
low, which  was  the  lowest  of  the  year,  and  Barbre's  the  next  day,  October  17,  1883, 
0.4  foot  below,  at  which  time  theVe  was  not  the  slightest  discharge  either  from  the 
Upper  or  Lower  Old  rivers,  and  ihe  water  verj'  clear  and  free  from  sediment. 

''observations  in  the  lower  old  river. 

**It  is  well  known  that  what  is  now  called  Old  River  once  formed  the  bed  of  the 
Mississippi  River,  now  very  much  tilled  up  by  river  deposit  of  a  mixed  and  very  un- 
stable class  of  soil.  In  the  Lower  Old  River,  when  the  current  is  out  towards  the  Mis- 
sissippi, the  bar  on  the  north  side  liuilds  rapidly.  The  growth  of  young  willows  op- 
posite Barbre.'s  Landing  forms ii  natural  screen  through  which  the  current  runs,  causing 
it  to  deposit  its  sediment  along  the  bar  which  extends  to  the  crossing  near  Cross-Sec- 
tion X,  where  it  joins  or  overlaps  thf  bar  formed  in  a  like  manner  along  the  south  side 
of  this  part  of  the  river  by  the  cuireiit  when  it  is  '  in  *  from  the  Mississippi  River. 

"It  is  plain  to  the  observer,  and  ]>roved  by  a  series  of  surveys,  that  as  the  direction 
of  the  curn'ut  is   subjected  to  change,  either  'in'  or  'out,'  with  a  large  natural 
screen  to  check  the  velocity  and  thereby  precipitate  the  sediment  carried  by  the  flood 
iwaters,  the  condition  of  the  low-water  channel  must  continue  to  get  worse.     It  is 
true  that  some   years  the   low-water  channel  may  improve  temi>orarily.     This  is 
brought  about,  a.s  in  the  year  18«1,  by  the  current  continuing  in  one  direction  for  an 
nnusual  length  of  time,  and  as  this  is  more  liable  to  be  *in'  from  the  Mississippi 
owing  to  the  closure  of  the  Tensas  by  levees  so  that  there  is  a  possibility  of  the  chan- 
nel fn)m  the  Mississippi  through  the  Lower  Old  River  being  improved,  but  not  with- 
out also  increasing  the  eulargem*  nt  of  the  Atchafalaya.     The  table  showing  the  com- 
parative scours  and  fills,  and  the  cross-sections  will  show  the  enormous  scour  that 
took  place  during  the  year  1881,  aud  the  table  of  gauge  readings  with  the  direction 
and  velocity  of  the  current  through  the  mouth  of  Old  River  account  for  it;  the  same 
tables  also  show  and  account  for  the  very  large  amount  of  deposit  shown  from  the 
year  1881  to  1883,  and  proves  the  eccentricity  that  the  locality  is  liable  to.     The  re- 
port of  Major  Benyaurd  to  the  Chief  of  Engineers  of  1882  mentions  the  possibility  of 
;i  coijilitlou  of  the  low-water  channel  which  actually  occurred  this  season  of  lb83 — 
very  sluggish  currents  with  the  constant  changes  of  direction  shown  in  the  year  1880, 
which,  together  with  the  rapid  fall  of  both  rivers  after  September  1,  and  the  low 
stage  that  the  water  fell  to  on  the  Red  River  Landing  and  Barbre's  Landing  gauges, 
made  it   impossible  to  keep   navigation  open  by  the  method  of  previous  yeais; 
nauielv,  the  dredge  at  the  mouth  of  Old  River,  and  two  propeller  togs,  with  a  stern- 
wheel  st«'aun»T. 

•*  All  navigation  through  the  Ohl  River  was  stopped  from  September  27  to  October 
18.     The  sloughing  aud  sliding  in  of  the  banks,  remarked  in  previous  low-water  sea- 
sons, took  place,  to  a  very  large  extent,  along  both  banks  of  the  low-water  channel 
of  the  Lower  Old  River,  from  the  Crossing  to  the  Mississippi.    This  is  caused  by  the 
sustaining  pressure  of  the  wati^r  being  removed,  the  suction  power  of  the  water  oozing 
ont  through  the  sandy  strata  in  the  deposited  soil  with  which  the  banks  are  formed. 
Where  the  sloughing  of  the  bank  is  only  slight,  the  water  with  which  the  banks  are 
saturated  has  been  enough  toatiect  them ;  but,  in  every  case  where  the  slonghin^  has 
been  extensive,  land-locked  water  has  been  found  in  ponds  or  sloughs  at  some  Tittle 
distance  behind  the  slides.     The  sliding  in  of  both  banks  in  what  is  called  the  Gut, 
near  Ash  Cabin,  pushed  the  soft  mud  of  the  bottom  up  into  two  mud  walls,  with 
a  channel  only  22  feet  wide  between  them.    These  walls  being  exposed  to  the  air 
soon  became  hanl  enough  to  walk  upon ;  in  the   portion  of  tko  Channel  from  Ash 
Cal>in  to  the  crossing,  Hat-topped  circular,  mud  lumps  were  forced  up  by  water  and 
^as  jets,  leaving  them  in  the  shape  of  an  inverted  sonp  plate,  with  a  small,  deep, 
round  hoh^  in  tin?  centc^r.    A  very  large  subsidence  on  the  right  bank  in  the  month  of 
Old  River  took  jdace  August  28,  1883  ;  it  extended  fully  2,000  feet  along  the  bank, 
iiutl  its  cross-section  area  is  shown  on  Cross-Section  V;  in  this  locality  the  deposit  on 
"the  top  of  the  bank  by  levels  taken  February,  1883,  and  August  26  of"  the  same  year, 
s^inouuted  to  2  feet,  divided  into  two  distinct  classes,  the  lower  half  being  of  pure 
^aud  anil  the  upper  of  a  soft,  brown  clay  substance.     The  mud  bars,  or  low- water 
X)anks,  show  by  the  cross-sections  a  large  deposit  all  through  the  Lower  Old  River 
since  I";.'!'!.    The  bar  iVom  Barbre's  Landing  to  the  crossing  is  formed  chiefly  of  red 
^and  similar  to  the  banks  of  Red  River;  very  littleof  this  is  seen  in  the  bars  between 
tte  crossing  and  the  Mississippi  River. 
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*'  OBSBRVATIONS  IN  THE  MISSISSIPPI  BtVBR  IN  THE  TICINITT  OF  THB  MOUTH  Of  OLD 

RTVXB. 

'^  The  accompanying  map  of  the  Miasiarippi  Biver  from  Can's  Point  to  the  Bed 
River  Landing  shows  the  location  of  the  oross-sectionsi  the  oontonr  lines  of  1884,  sad 
the  change  in  the  line  of  the  right  bank  above  the  month  of  Old  River. 

*'In  this  portion  of  the  river  the  comparative  cross-sections  show  that  the  ohannel 
near  the  right  bank  is  deepening  greatly  and  the  bank  is  steadily  washing;  In  msny 
places  it  is  now  almost  perpendicular,  though  only  one  cave  of  any  extent  is  notiee- 
able  below  Carres  Point ;  the  channel  on  the  opposite  side  is  shoaling  np  and  the  bank 
is  making  on  the  low- water  i>ortion. 

**  The  cross-sections  Nos.  1  to  7,  inclusive,  are  a  repetition  of  those  of  1880  and  WAX] 
No8.8,9, 10, 11, 12, 13,  14,  and  15  are  new  Unes,  but  comparative  cross-seotionB  hsre 
been  made  from  the  soundings,  on  the  lines  of  the  three  croas-seotions  taken  below 
the  month  of  Old  River  in  1881,  No.  1  of  which  shows  the  right  bank  to  be  extend- 
ing out ;  but  with  this  exception  and  the  shoaling  of  the  deep  channel  near  the  left 
bank  the  cross-sections  show  considerable  enlargement  and  a  large  scour  on  the  Ad- 
gpla  Bar.  The  comparisons  may  be  affected  by  the  different  stages  of  the  river  at  the 
time  the  soundings  were  taken,  those  of  1880  and  1^1  being  t-aken  at  lees  than  9  feet 
on  the  gauge,  and  those  of  this  survey  in  Januarv,  1884,  with  over  32  feet  on  the 
gauge  and  a  strong  current  running.  The  contour  lines  show  that  a  good,  navigtble 
channel  of  20  feet  below  extreme  low  water  exists  both  above  and  below  the  mooth 
of  Old  River  as  the  snrvey  extends  either  way. 

''The  location  of  the  three  cross-sections  or  1881  below  the  mouth  of  Old  Riverm 
shown  by  dotted  lines  on  the  map  of  the  Mississippi,  plotted  on  the  scale  of  200  feet  to 
1  inch. 

*'  OBSERVATIONS  IN  THE  UPPER  OLD  RIVER. 

'*The  cross-sections  in  the  Upper  Old  River  show  the  bottom  of  the  river  in  tiieohiB- 
nel  to  be  7.5  feet  above  zero  on  cross-section  No.  11,  and  on  the  other  seotions  from  4 
to  6  feet  above ;  the  character  of  the  bottom  being  soft  mud,  the  banks  as  oompared 
with  the  Lower  Old  River  are  much  more  stable  and  free  from  sloughing,  and,  with 
the  exception  of  the  entrance  through  the  Sugar-House  Chute,  the  river  presents  ft 
much  more  navigable  appearance  and  is  favored  by  steamboatmen  whenever  there  ii 
water  enough  to  go  through  it. 

'*The  Upper  Old  River  lor  its  entire  length  may  be  said  to  have  one  old  and  reliable 
bank  free  from  sloughing,  though  it  is  not  always  on  the  same  side,  and  the  oppoiite 
bank  is  more  systematically  contracted  by  the  natunil-growth  willows  than  the 
Lower  Old  River;  a  very  slight  amount  of  work  would  concentrate  and  confine  tbe 
low-water  channel,  and  if  by  any  means  the  current  was  so  controlled,  so  as  to  esuB 
it  always  to  flow  in  one  direction,  the  channel  would  quickly  sconr  out  and  maintain 
itself. 

''The  snrvey  was  prosecuted  under  very  great  difficulties,  the  character  of  th0 
malarial  fevers  peculiar  to  the  locality  being  more  virulent  thieui  the  residents  ha^ 
known  for  years ;  of  the  party  that  I  commenced  with  not  one  was  able  to  remain 
through  the  survey  with  me;  during  the  snrvey  1  had  four  different  levelets,  eight 
different  rodmen,  six  cooks,  and  the  changes  among  the  boat  and  axmen  were  inoM* 
sant ;  two  of  my  party  died  soon  after  leaving  the  work,  and  several  were  ill  for  monthi 
afterwards,  the  amount  of  time  lost  by  sickness  being  nearly  equal  to  the  aotoal  tiia* 
consumed  while  at  work  on  the  survey ;  this  will  account  for  the  somewhat  ilo^ 
progress  made  on  a  survey  at  any  time  very  tedious  to  make,  on  aoconnt  of  the  div- 
cult^  in  finding  the  exact  location  of  the  cross-sections  previously  taken,  so  as  toinaa>* 
a  fair  comparison. 

"  Accompanying  this  report  are :  . 

"  Table  No.  1.  nhowing  the  gauge-readings  from  the  date  of  the  hiffhest  wsltfg 
1883  to  the  end  of  January,  1884,  with  the  direction  and  volooity  m  the  evttt^ 
through  Old  River  during  the  time  of  the  survey. 

**  Table  No.  2.  Showing  the  changes  in  the  areas  of  the  Atchafalayaoioss-seetioo* 
above  and  below  the  zero  line  of  Barbres Landing  gauge,  which  is  approximately]^ 
water. 

"  Table  No.  3.  Showing  the  changes  in  the  depths  on  the  line  of  deep  water  in  tf>|^ 
low-water  channel  through  Old  and  Lower  Old  River  to  the  Mississippi  River.  ^ 
large  map  of  the  whole  survey  plotted  on  a  scale  of  800  feet  to  1  inch.  _iimA 

*' A  map  of  the  Mississippi  River  in  the  vicinity  of  the  month  of  Old  River,  p]0t^^ 
on  a  scale  of  200  feet  to  1  inch. 

'^No.  1.  Roll  of  cross-sections  in  the  Atchafalaya  River. 

"No.  2.  Roll  of  cross- sect  ions  in  the  Upper  Old  River. 

''No.  3.  Roll  of  cross-sections  in  the  Old  and  Lower  Old  River. 

''No.  4.  Roll  of  cross-sections  in  the  Mississippi  River,  1884. 
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"No.  5.  Cruss-Huctiouniu  tL«  Mlwiwippi  l>elow  the  month  of  Olil  River,  ISei,  coui- 
pnred  ^ith  BoundiDf;a  uf  1884. 

''J  bave  endeavoretl  to  dividi!  up  and  nrraiigetbiH  report  ikkIi'i  ili&ereiitbeaduigM 
in  order  lo  fa,[!ililato  coinparisoa  with  the  prsTioDB  aorvoys  and  Teports,  and  to  aavo 
time  In  rererringtodiffeTODtiiarlH.'*' 

Table  Ko.  i.—  Gaugvrradiag>  at  Peil  Jtiter  Laitiitig,  Barbre't  Landing,  and  moulh  of 
Old  Hirer,  iMsMana,  trUh  dirrclioMt  and  retocily  of  ettrrmt  througk  Out  Bittr,  aiidriM 
■  and  fall  hftirttn  Red  Riter  Landing  and  Barbrt'i  Landing,  r^trring  to  the  ten  of  Bar- 
br^»  Landing. 
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Table  No.  1. — Gauge-readings  at  Bed  River  Landing,  ^'c. — Continneii. 


Date. 


1883 
June 


July 


July 


Aug. 


7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

30 

1 
o 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

18 

19 

20 

21 

22 

23 

24 

25 

20 

27 

28 

29 

50 

31 

1 
•> 

3 

4 

5 

0 

7 

8 

9 

10 

11 

12 

13 

14 

15 


Old  River,  near  the  mouth. 


to 
.5 

3 


39.  80 
39.70 
39.  55 
39.45 
39.  35 
39.  25 
39.  20 
35>.  20 
39.  05 
38.00 
38.80  I 
38.70  I 
38.00 
38.50 
38.40  I 
38.30  I 
38.  :u)  I 
38.25  ' 
38.20  ' 
38.20  I 
38. 15  I 
38. 15  I 
38.15  ' 
38.15  I 
38.  10 
38.05 
38.  03 
38.01 
38.  0(» 
38.05  ; 
38.  05 

38. 10 ; 

38.  10 
38.  15 
38.25  , 
38.  •J5  I 
3K.25  ! 
38.  20 
38.  15 
38.10 
38.  00 
37.90 
37  70 
37.  45 
.37.  20 
30.80 
30.  40 

30.  00 
35.  70  , 
35.  4.5 
3.->.25  j 

.34.80 
34.  50 
31.10  j 
3.3.70  ; 
3:5. 40 
33.  10 

31.  90 

29.  ,50 
28.  40 
27.  30 
20  30  . 
25.  40 
24.  70 

23.  75 
1'3.  45  ; 
23  15 


u 

p 

p 

e8 


40.40 
40.30 
40.10 
40.00 
39.80 
39.  80 
39.70 
49.70 
39.  GO 
39.  50 
39.  30 
39.  20 
39. 10 
39.00 
39.  00 
39.  00 
38.  90 
38.  00 
38.  80 
38.  80 
38.70 
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30  70 
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32.  10 
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27.  90 
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0.50 
0.50 
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0.  05 
0.05 
0.10 
0.10 
0. 15 
0.  15 
0.15 
0.  25 
0.  20 
0.  15 
0.10 
0.00 
0.00 
0.  20 
0  25 
0.  20 
(MO 
0.  10 
0.10 
0.40 
0.15 
0.  15 


0 


P  ^ 


00 
50 
50 
50 
50 
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0.70 
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0.05 
00 
00 


0.  10 
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0.  30 
0.10 
0.  20 
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Out 
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In*  . 
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In.- 

lu.. 
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P 
it 

0  P 

^  9 

,2 
> 


FeeL 


s 


Remarks. 


Curront  three  milea  ^er  hour. 


Three  roilea  per  hour. 


Changes  towards  the  Atohaf^laya  RWer. 


Current  very  slight. 
Do. 
Do. 
Do. 
Do. 
Do. 


1.307 

1.  294 
1.  358 
1. 232 


Out 1.272 

Out '  0. 987 

Out 1.149 

Out 1.713 

Out 1.802 

Out 1.917 

Out 2.342 


1.10 
1.  ,50 
1 .  20 
1.00 
1.50 
0.  40 


Out :     2.  500 


Out 
Out 
Out 


803 
708 
342 


Out 2.043 


Out 


1.413 


36.50 
30.00 
35.77 
35.55 
35.30 


Current  changing. 
Curi-ent  imperceptible. 
Current  imperceptible. 
Current  very  sMglit, 
Do. 

(/hangcH. 

Strong  wind;  current  very  alight. 


34.80 
34.50 
34.10 
33.  70 


33.30 


Wry  slow. 
Do 


20.  50 
25.  65 
25.  00 


(I.!?,)    

0.15     Ont 

0.  15     In 

•  "In"  mfrtu.-*  towjnls  the  Atcbnfalaya  Kiver. 


24. 10 
23.  75 
23.  40 


Almo(«i  imperceptible. 
Alm<mt  ini]>orceptible. 
Do 
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Table  No.  I Gaugr-rcadingt  at  Htd  River  Landing,  ^c. — Continaed. 
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Old  Blrer.  Hartlie  nonlh. 

i 

V 

11 

si    i 

.     f «t     ,                    ■ 

23.10     Coireat  iupwocptlble. 


U.tV 

1*20 :. 


10.  so  I  «. 


a.  75 

1.30 

3.10 

51.50  ,  OalBSW. 

I.2ia       Jl.  10     Cnrrt'til  <'<•! 
1.281       M.m 


1&4S 
IS.  IS 


LowHt  reuUuE  of  Bod  BImr  ^  ■"**"> 

tun  ISgSL 
Z^o.  Bubre'a  nnftk 


NoflowlnCndKiia. 


of  flow  Id  Loi 


'w«?lSw 


2842       REPORT    OF    tHE    CHIEF    OF    ENGINEERS,  U    S.  ARMY. 


Table  No.  1. — Gauge^readings  at  Red  Biver  Lamdimg^  ^o. — Continaed. 
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L 

^ 

. 
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3*0 

Date. 

yA 

§ 

§1 
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it 
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& 

& 
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5 

1883. 

, 

FmL 

Oct.    22 

7.70 

8.10 

1.00 
1.20 

6.70 
6.90 

In 

7.70 
8.10 

Stonny. 

23 

In 

24 

8.45 

1.50 

6.90 

In 

1.218 

&50 

25 

8.75 

2.00 

6.75 

In 

L820 

&76 

Strong  north  wind* 

29 

9.05 

2.50 

6.55 

In 

1.173 

0.06 

27 

9.50 

3.70 

5.80 

In 

0.906 

0.60 

28 

'i6.'36 

5.00 
6.50 

3.85 

In 

Stonny. 

29 

Tn 

10.40 

30 

10.65 

7.10 

8.55 

In 

i.7eo 

10.76 

31 

10.95 

&10 

2  85 

In 

L821 

11.00 

Nov.    1 

8.80 

Dense  fog. 

2 

11.05 

9.20 

1.85 

iii".?.*.:::: 

L886 

ILIO 

3 

10.90 

9.20 

1.80 

In 

L7fl0 

10.00 

4 

'iaVo 

9.20 
9.20 

Lio* 

In 

5 

In 

L731 

10.66 

6 

10.65 

0.30 

1.35 

In 

10.70 

Vortli  iHnd. 

7 

10.90 

9.40 

1.50 

In 

LOT6 

10.06 

8 

11.45 

0.70 

1.75 

In 

2.247 

XL  70. 

9 

12,35 

10.80 

2.05 

In 

2.640 

12.46 

Rapid  rise. 
Stormy  wealher. 

10 

13.60 
15.60 
17.35 

11.00 
13.10 
15.40 

2.60 
2.50 
1.95 

In 

18.80 

11 

In 

12 

In 

8.249 

17.50 

13 

17.80 

17.00 

0.45 

In 

8.060 

17.80 

14 

ia20 

17.80 

0.40 

In 

2.400 

iai6 

15 

18.40 

18.10 

0.30 

In 

2.011 

18.40 

]6 

18.55 

18.30 

0.25 

In 

2.080 

ia56 

17 

18.70 

18.50 

0.20 

In 

1.650 

1&70 

18 

19.00 
19.30 

18.70 
18.90 

0.30 
0.40 

In 

10.16 
ia80 

19 

In 

1.700 

20 

19.70 

19.50 

0.20 

In 

2.112 

10.70 

21 

21.05 

20. 60 

0.55 

Ont 

2.640 

20.06 

Cnrrentohaoge*. 
Stormy  weather. 

• 

22 

20.45 

21.40 

0.95 

Oat 

23 

22,00 

22.30 

0.30 

Ont 

0.880 

22.' io 

24 

22.40 

22.60 

0.20 

Out 

0.835 

22.CT 

25 

22. 50 
22.55 
22.45 

22.70 

22.80 
22.70 

0.20 
0.25 
0.25 

Out 

Almost  imperceptible. 
Point  of  observation  ehangea 
Barbre's  Landing. 

26 

Ont 

22.70 
22.60 

27 

Out 

28 

22,05 

22. 30 

0.25 

22.10 

to  nssa 

29 

21.80 

22.10 

0.30 

Out 

0.406 

30 

21.80 

22.00 

0.20 

Out 

a686 

22.00 

Deo.     1 

22.05 

22. 20 

0.15 

In 

1.056 

Cnrrent  changes. 

2 

22.60 

22,70 

0.10 

In  

L354 

3 

23.45 

23.30 

0.15 

In 

1.050 

4 

24.25 

24.00 

0.25 

In 

2.446 

Corrent  very  strong  at  month  of  Olcs 

5 

25.15 

24.80 

0.35 

In 

3.106 

jKiver. 

6 

25.  80 

25.30 

0.50 

In 

3.520 

7 

20.  30 

25.70 

0.50 

In 

8.800 

26.48 

8 

20.  8.-. 

26.30 

0.50 

In 

2.640 

9 

27.20 

26.70 

0.50 

In 

2.708 

10 

27.40 

26.90 

0.50 

In 

2.770 

11 

27.  25 

27.00 

0.25 

In 

2.038 

12 

27.  30 

27.  00 

0.30 

In 

2.033 

13 

27.30 

27.  00 

0.30 

In 

2.351 

27.46 

14 

27.40 

27.10 

0.30 

In 

2.843 

■*■>*■•• 

15 

27.30 

27.10 

0.20 

In 

2.640 

10 

27.  10 

26.  90 

0.20 

In 

1.992 

17 

26.70 

26.60 

0.10 

In 

2.400 

18 

20.  25 

26.20 

0.05 

lu 

1.885 

10 

25.  .''.O 

25.  60 

0.10 

Out 

1.703 

Cnrrent  changes. 

20 

24.  GO 

24.  90 

0.30 

Out 

1.576 

21 

23.  90 

24.  20 

0.35 

1.371 

24.12 

22 

23.00 

22  90 

0.10 

iu 

1. 242 

23 

22  25 

22.  70 

0.45 

Sunday.     Point  of  observatioii 
back  to  mouth  of  Old  River. 

chanfra^ 

24 

(*) 

21.90 

In 

1.193 

21.07 

25 

(•) 

21.  20 
19.60 

i 

20.00  ! 

26 

in....!!.. 

'6.165 

*  No  gauge. 
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Tablk  No.  l.—Gaug»^eadiiiga  at  Bed  JHwr  Laiidimg,  ^.— Continued. 


Old  Biver,  De*r  B 
Ludlng. 
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,1 

1 

1 

1 

J 
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1 

1B83 

Bm.  XI 

19.  DO 

s 

0.1*6 

WM 

18,70 

etomy. 

0.85 

Ont 

LBSa 

21 » 

CnmntobanEiBc. 

BtnmicurTmt,  Momy. 

O.BO 

4.3H 

82.00 

32.10 

saw 

0.M 

82.40 

Strang  Kntfa  wind )  CDTmn 

c"'~"iSbSS:5in.««»d 

81.66 

MM 

82.06 

31.30 

82.  W 

d!80 
0.3S 

Table  No.  ii.~Showiiig  areat  and  ehangei  in  ar«a  ahovt  and  Mote  tero  of  Barbr^iL* 
ing  gauge,  and  greatat  dept\t  founded  by  W.  M.  Btet  i»  1680,  S.  St.  L.  Coppi»  i»  II 
and  A.  Oteen  Wilson  in  IIJBS. 

ATCHAFAI^TA  BI7BK. 


■■sriSr 

1881  U>  1886. 

Bubn*  Landtog 

BMtlmu. 

im. 

188L 

1863. 

J, 

Below 

|i 

1' 

1880. 

„,. 

iii 

1 

i 

^11 

1 

1 

""■ 

740 

,» 

»o.i2 

M,  600  11. 160,38,  IHH 

11,  800  M,  10014,  5M 



" 

6,240 

%800 

87. 8 
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Table  No  ^.^Showing  scour  or  Jill  on  the  line  of  the  deepest  water  in  the  channel  through 
Old  and  Lower  Old  riverSf  according  to  the  eurveya  0/I88O,  1881,  and  18B3. 


CroBS*8eotioD. 


A     

B 

c    

0.5 

E 

1.0 

F 

6l0 

G 

10.0 

I 

10.0 

z 

4.5 

X  

5.0 

K 

&0 

L 

4.0 

M 

0.2 

N 

8.5 

1> 

ao 

R 

7.0 

s 

ao 

T 

a5 

V ^ 

5.0 

u  :..:::.:::.:::::::...::...: 

1880  to  1881. 


Sooar. 


1881  to  1888. 


Fin. 


L5 
1.5 


Scour. 


lao 


2.0 


FQL 


1.0 
3.6 
4.0 
2.0 
7.0 
a5 
14.0 
1.0 
6.5 

ao 
as 
a8 
ao 
a5 
ao 
4.0 
4.0 
1.0 


1880  to  1883. 


Soonr. 

FiU. 

0.5 

a5 

•  ••«••  •. 

ao 

ao 

4.0 

ao 

1.5 

■  •  •  •         •    w   > 

as 

4.0 

2.5 

■  •  •  • 

2.0 

••...... 

as 

.. 

ai 

io 

L6 

ao 

4.5 

LO 

lao 

"  I  am,  very  respectfully,  your  obedient  servant, 

"ABTHUB  OWXN  WIL8OK, 

**A$9ittant  Mmgineer, 

'*Maj.  Amos  Stickney, 

**  Corps  of  Engineers,  U.  8.  A,,  New  Orleane^  LaJ*^ 

MONEY  STATEMENT. 

In  Treasury  Department,  Washington,  September  30,  1882 |75,000  00 

Transfer  September  30,  1682 8,153  94 

Allotment  July  19,  1884 12,290  00 

Drawn |83,571  96 

Transfer  and  deposit 671  26 

83,00000 

Not  drawn ♦,290  00 

On  hand,  asNistant  treasurer,  New  Orleans,  La.,  September  30,  1884 17,821  42 

In  bands  of  assistants 388  00 

Expen<]»'d  Nince  September  :J0,  1882 72,944  52 

Balanec  due  from  appropriation  October  31,  1883 14,729  53 

K(!eeivc.l  sinee  October  31.  Itf8:^ 61,571  26 

Kxpen«l<'(l  since  Oetober  :U,  lb83 28,632  32 

Balanei-ou  band  September  30,  1884 18,209  42 

Total  ai)|)ro]>riated $190,000  00 

AllotuMut  .lulv  19,  18H4 12,290  00 

202,290  00 

Total  expended 179,790  5b 


IMPUOVINO  HARBOR  AT  NEW  ORLEANS,  LOUISIANA. 

At  the  time  of  last  annual  report  whrk  was  in  progress  in  CarroUton  Bend.  The 
work  eontemplated  wastln*  protection  of  the  sloping  river  bank  from  lovr-water  mark 
to  (be  ho'toni  of  tbe  rivrr  by  means  of  a  eontinnons  mattress  of  brash  and  stone.  To 
aecoin])lisli  this  it  was  intended  to  make  tlu^  mattress  in  one  piece  400  feet  wide  and 
al»o;it  lo.ooi)  fcft  louj^.  Owing  to  unavoidable  delay  caused  by  the  delinqnency  of 
eontractoi^sin  fnrniMliin^  material  and  a  rihc  in  tbe  river,  the  weaving  of  mattretss had 
to  be  snsprnded  when  a  leniclhof  only  470  fe<?t  bad  been  constrncted.  This  was  buc- 
ee^.s^ul1y  sunk,  but  on  account  of  insuUieieney  of  ballast  and  a  changing  of  tbe  cur- 
rent a  small  portion  of  it  eanio  up  and  was  lost.  It  was  demonstrat-ed, however,  that 
a  wide  mattress  could  be  phuMMl  in  deoji  water  when  there  was  not  a  strong  current. 
On  the  res-uniption  of  work,  after  the  snhsidiug  of  the  river,  the  location  and  method 
of  protection  were  chan^iijed,  the  chaufjje  of  method  being  to  snit  the  new  locality 
where  wharves  render  it  impracticable  to  construct  and  maintain  a mattresa covering. 
The  following  is  the  project  for  the  work  : 
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**  United  States  Engineer  Office, 

**  J\eM7  Orleans,  La,,  April  22. 1884. 

"  Sir  :  III  compliance  with  the  resolution  of  the  Commission  of  November  20,  ld83, 1 
have  the  honor  to  nubmit  herewith  areport  of  my  assistant,  >lr.  W.  G.  Price,  upon  the 
relative  importance  of  protecting  the  Gouldsborou^h  Bend,  in  the  harbor  of  New  Or- 
leans, as  compared  with  other  work  contemplated  in  the  project  approved  by  the 
Commission.  There  is,  I  think,  no  question  of  the  greater  immediate  importance  of 
protecting  Gouldsborough  Bend,  which  is  rapidly  increasing.  I  believe  that  work 
should  be  commenced  for  preventing  the  caving  of  the  banks  at  on<'e,  and  have  had  a 
plan  and  estimates  prepared  by  Mr.  Price,  assistant  engineer,  which,  with  the  accom- 
panying ma])8,  is  also  presented  herewith,  as  well  as  plan,  maps,  &c.,  for  protecting 
the  Gretna  Bend,  which  is  just  above  the  Gouldsborough  Bend,  one  being  almost  a 
continuation  of  the  other.  Owing  to  the  difficulty  of  placing  continuous  mattress 
work  on  the  banks  on  account  of  the  standing  and  wrecked  wharves,  and  the  belief 
that  mattress  worK  would  bo  destnwed  by  the  collection  of  heavy  deposits  of  sediment 
at  ail  points  where  wharves  were  placed,  I  have  had  plans  prepared  lor  the  protection 
of  the  bunk  by  means  of  submerged  spurs  of  brush  and  stone  placed  so  as  to  throw 
*ho  contour  lines  of  the  bank  about  50  feet  out  into  the  river.  I  would  propose  to 
locate  those  spurs  at  the  salient  points  of  the  deep-water  lines.  Experience  in  the 
lirst  reach  protected  would  in  the  first  season  fthow  whether  the  spurs  were  properly 

E laced,  and  if  a  greater  number  were  needed  to  thoroughly  protect  Ihe  bank  they  could 
e  added  afterwards.  The  plans  are  based  upon  the  survey  of  1877-78  aud  are  in- 
tended to  show  in  a  general  way  the  method  of  constructing  and  placing  the  spnrs. 
A  new  survey  will  be  made  as  soon  as  the  stage  of  water  will  permit,  from  which  to 
determine  the  exact  locations. 

"The  entire  length  of  bank  from  opposite  a  point  just  above  the  City  Park  down  to 
Algieis,  as  shown  on  accompanying  map,  will  eventually  need  protection,  but  the 
greatest  inmiediate  need  is  in  the  lower  bend  in  the  front  of  Gretna  and  Gouldsbor- 
oughj  an<l  more  ])urticularly  in  front  of  Gouldsborough  where  the  caving  is  worse,  and 
commercial  interests  greatest. 

"  The  estimate  for  the  Gouldsborough  part  is  $04,200,  and  for  the  Gretna  part 
104,200,  exclusive  of  plant.     Tbe  plant  required  is  about  as  follows: 

6  barges,  at  $3,000  each $18,000 

To  build  mat  tress-ways  on  three  of  them 1, 500 

Ways  built  on  the  bank  for  constructing  crib  for  spur 300 

1  stern-wheel  steamboat 15,000 

Capstaus,  rope,  ami  tools 3, 000 

Making  a  total  of 37,800 

"In  making  provision  for  this  work  I  am  of  the  opinion  that  the  CarrolUon  work 
should  not  be  suspended.     The  plant  for  that  work  is  all  ready.     The  method  of 
working  has  been  tried,  and  the  experience  gained  is  such  that  it  is  expected  that  the 
project  as  approved  can  be  carried  out  as  soon  as  the  river  reaches  a  proper  stage. 
"  Very  respectfully,  your  obedient  servant, 

''Amos  Stickney, 
**ifq;or  of  Engineers ^  U,  8,  A, 
"Lieut.  Col.  C.  B.  Comstock, 

** Corps  of  Engineers,  U.  S,  -4., 

**Frebident  Mississippi  Biver  Commission." 


''New  Orleans,  January  3,  1684. 

"  Major  :  I  have  the  honor  to  make  the  following  report  on  the  relative  importance 
of  protecting  the  Gouldsboro'  bank,  in  the  harbor  of  New  Orleans,  as  compared  with 
other  work  contemplated  in  the  project  approved  by  the  Mississippi  River  Commis- 
sion. The  work  contemplated  by  the  Commission  in  the  project  approved  by  them 
September  18,  1882,  was  to  prevent  further  erosion  of  the  bank  in  Cairollton  Bend. 


ii 


IMPORTANCE   OF  CARROLLTON  BEND  WORK. 


**  From  a  comparison  of  surveys  I  find  that  the  bank  in  this  bend  is  cutting  away 
at  an  average  rate  of  14  feet  a  year,  aud  the  cutting  extends  probably  5,000  t^et  be- 
low the  bend,  all  of  which  would  ])robably  be  stopped  in  a  short  time  after  the  bank 
in  the  bend  is  protected.  The  caving  amounts  to  about  4.8  acres  a  year,  which,  at 
$1,000  an  aero  valuation  tor  land  and  improvements,  would  be  $4,800.  If  the  caving 
is  not  stopped  there  will  have  to  be  built  dnring  the  next  five  years  0,000  feet  of  levee, 
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estimated  to  cost  $25,000,  or  $5,000  a  year.  The  only  business  inteiests  that  suffw 
from  caving  banks  are  the  Picayune  saw-mill  and  the  Canollton  oil-mill.  The  loss  to 
them  if  the  bank  is  not  protected  would  probably  be  $35,000  daring  the  next  five 
years,  or  $7,000  a  year. 

**  From  the  above  the  total  loss  per  year  from  caving  of  bank  in  Carrollton  Bend  is 
$16,600.  There  are  no  wharves  in  Carrollton  Bend,  and  the  improvement  would  be  of 
little  benefit  to  commerce  and  navigation  at  present. 


it 


IMPOBTANCE  OF  PROTECTINO  OOUIiI>8BOROUOH  BANK. 


**  l^om  my  report  of  November  19, 1683,  the  value  of  land  and  improvements  in  the 
Gouldsborouch  bend  which  will  be  lost  in  a  few  years  if  the  bank  is  not  protected  was 
estimated  to  be  $1,400,000.  But  this  does  not  represent  the  whole  interest  at  stake. 
The  river  front  here  is  being  used  for  purposes  of  commerce  and  navigation,  and  these 
interests  sufier  very  much  from  the  caving  in  of  wharves,  railroad  inclines,  and  depots. 

'*  The  commercial  interest  is  much  greater  than  the  value  of  property  already  located 
there,  and  its  value  cannot  be  estimated. 

''  COMPABIBON. 

"  The  caving  of  bank  in  Carrollton  Bend  causes  a  very  small  loss  of  property  oom 

gared  to  what  it  does  in  Gouldsborongh  Bend.  The  commercial  interests  in  Carrollton 
end  are  almost  nothing,  while  in  Gouldsborongh  Bend  they  are  very  great  and  are  rap- 
idly increasing.  It  is  important  that  the  work  at  Gouldsborongh  be  done  soon,  as  toe 
number  of  wharves  and  vessels  landing  at  them  is  increasing,  and  thev  make  the 
work  of  improvement  more  difficult.  In  order  to  make  the  city  of  Kew  Orleans  secors 
from  dauger  of  breaks  iu  the  levee  and  from  being  gradually  washed  away  it  is  nec- 
essary to  i)rotect  the  bank  in  Carrollton  Bend ;  but  the  immediate  importance  of  the 
work  is  small  compared  to  what  it  is  at  Gouldsborongh. 
*' Respectfully  submitted. 

u  ^^  0^  Price 

"  United  8i4Ue$  A$9itiaHt  Bngii 

"Maj.  Amos  Stickney, 

"  Corps  of  Engineers,  U,  8.  A. 


''New  Orleans,  April  17, 1884. 

'^  Major  :  In  accordance  with  your  request,  I  have  the  honor  to  make  the  following 
report  on  the  plan  for  jirotccting  the  caving  bank  in  the  Gk>nldsboroagh  Bend,  in 
New  Orleans  Harbor,  with  submerged  spurs. 

''The  portion  of  the  bend  which  is  now  caving  badly,  and  which  needs  immediate 
protection,  extends  from  Poriander  street,  in  Gouldsborongh,  to  Soorateff  street,  in 
Algiers,  and  is  about  5,000  feet  long.  The  plan  is  to  put  down  a  number  of  snb- 
merged  spurs  each  300  feet  long  and  built  out  at  right  angles  to  the  bank :  the  spars 
to  be  such  a  distance  apart  that  the  current  deflected  from  one  will  reacn  the  next 
before  it  strikes  the  bank.  A  mattress  350  feet  by  200  feet  will  first  be  put  down,  and 
then  four  flexible  brush  cribs  5  feet  high  and  'MH)  feet  long,  filled  with  rock,  will  be 
sunk  cue  on  another  on  the  center  line  of  the  mattress,  reaching  to  within  50  iiwt 
of  tbe  deep- water  end  of  the  mattress. 


u 


METHOD  OF  CON8TRUCTINO  MATTRESS. 


''The  mattress  will  be  constructed  in  position  for  sinking,  and  will  be  made  of  wil- 
low brnsli  and  i)oles,  the  brush  to  be  woven  on  the  poles,  which  will  be  25  feet  long 
and  H  fci^t  apart,  the  longitudinal  and  transverse  strength  of  the  mattress  to  consist 
of  iron  rods,  those  which  run  parallel  to  the  poles  to  1^  fastened  to  them,  and  to  be 
in  separate  liuks  of  25  feet,  and  Joined  with  clevises  ;  those  which  cross  the  poles  to 
be  made  in  a  chain  350  feet  long,  with  links  of  6  feet,  and  to  be  connected  with  the 
cleviMes  in  tliu  lirst  Hysteni  of  rods ;  these  chains  to  run  through  the  mattress  25  feet 
apart,  and  to  extend  back  on  shore  to  logs  sunk  in  theffroundj  the  up-stream,  down- 
Mtr(>ain,  and  deep-water  edges  of  the  mattress  to  be  double  m  the  thickness  for  a 
width  of  8  feet,  with  a  largo  quantity  of  rock  between,  which  will  be  put  in  when 
ibe  mattress  is  eouHtructed.  This  will  insure  the  ballasting  of  the  edges  of  the 
uialtreHS,  and  prevent  their  rising  up  and  dumping  the  ballast.  It  is  estimated  that-^ 
it  will  require  7.8  pounds  of  rock  weighed  in  water  to  ballast  a  square  foot  of  tbcp 
mattress. 
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**}nmiOD  OP  CONSTRUCTING  SPUR. 

**  In  order  to  expedite  the  work  so  that  it  can  be  completed  in  one  season  it  will 
be  necessary  to  build  the  cribs  at  some  point  above,  and  float  them  down  as  they  are 
needed  for  sitikiDg.  A  few  piles  hauled  out  on  shore  will  be  sufficient  ways  for  build- 
ing the  bottom  of  the  crib.  It  can  then  be  launched  and  finished  on  the  water.  It 
will  be  constructed  of  willow  brush  and  poles,  yellow-pine  timber,  and  iron  rods, 
leaving  pockets  into  which  the  rock  can  be  thrown  for  sinking  it.  The  capacity  of 
the  pockets  will  be  one-fourth  of  the  size  of  the  spur. 

"It  will  be  so  constructed  that  when  the  iron  rods  rust  away  it  will  still  hold 
together,  and  it  will  be  so  made  that  it  can  beud  to  the  curve  of  the  bank.  The  de- 
taus  of  construction  may  have  to  be  changed  during  the  course  of  the  work. 

'*  METHOD  OF  SINKING  SPUR. 

'*For  sinking  the  spur  two  lines  of  barges  will  be  required,  one  on  each  side  of  ths 
spur ;  rock  to  be  thrown  in  the  crib  until  the  pockets  are  full,  and  it  will  then  be 
lowered  to  the  bottom  by  ropes  from  the  barges.  To  prevent  the  barges  overturning, 
it  will  be  neces^ry  to  build  two  longitudinal  wat^r-tigbt  bulkheads  in  each,  and  the 
water  will  be  let  in  on  one  side  of  the  barge  as  the  ropes  pull  down  on  the  other.  It 
ma^  be  necessary  also  to  use  a  small  quantity  of  rock  as  a  counter-balance.  The 
weight  of  a  complete  spur  will  sink  one  side  of  two  30-foot  barges  2.4  feet. 

**The  buoyancy  of  a  cubic  foot  of  the  spur  will  be  about  7-J  pounds,  and  to  over- 
come this,  and  insure  the  stability  of  the  spur,  it  will  be  necessary  to  use  15  pounds 
of  rock  weighed  in  water  to  the  cubic  foot  of  spur,  which  will  require  the  spur  to  be 
constructed  three-quarters  of  brush  and  one-quarter  of  stone.  To  give  it  increased 
stability,  iron  rods  will  run  from  the  spur  diagonally  up-stream  to  the  shore-  and  be 
fasH^ned  to  logs  sunk  in  the  groiind. 


<( 


PLANT  REQUIRKD. 


''The  plant  forthe  work  should  consist  of  sixbarges,  each  30  by  124  by  T^feet,  decked, 
and  containing  two  longitudinal  water-tight  bulkheads;  three  of  the  barges  to  have 
mattress-ways  constructed  on  them,  so  that  they  can  be  placed  end  to  end  and  a  mat- 
tress 3.^  feet  wide  built  on  them.  To  do  the  necessary  towing  a  steam-tug  or  stern- 
wheel  steamboat  will  be  required.  The  plant  will  be  snch  that  it  can  be  nsed  for  any 
future  mattress  work  in  the  harbor. 

"cost  op  thk  work. 

''To  protect  the  bend  at  Gouldsborou^h,  which  is  5,000  feet  long,  it  is  estimated  will 
require  six  submerged  spurs.  Calculating  mattress  to  cost  4.13  cents  per  sqnare  foot, 
and  the  spur  5  cents  per  cubic  foot — 

Six  submerged  spurs  will  cost |64,200 

Six  barges,  at  |3,000  each 18,000 

To  build  mattress-ways  on  three  of  them 1,500 

Ways  built  on  the  bank  for  constructing  crib  for  spur / 300 

One  stern-wheel  steamboat 15,000 

Capstans,  rope,  and  tools • 3,000 

102,000 

"I  present  herewith  the  drawings  accompanying  this  report. 
''Respectfully  submitted. 

"W.  G.  Price, 

"Mig.  Amos  Stickney, 

"  Corps  of  Engineers,  U.  S.  AV 


"  New  Orleans,  Apra  22, 1884. 

"  Major:  In  accordance  with  your  request  I  have  completed  a  map  of  the  Gretna 
Bend  in  New  Orleans  Harbor,  snowing  the  proposed  improvement  with  subm^'ged 
spurs.  It  is  estimated  that  it  will  require  six  of  these  spurs  to  protect  the  bank  in 
this  bend ;  and  estimating  a  spur  to  cost  the  same  as  given  in  my  estimate  for  the 
protection  in  Gouldsborou^h  Bend,  it  will  require  $64,200  forthe  work  in  Gretnti  Bend. 
"  No  additional  plant  will  be  required. 

' '  Very  respectfully,  your  obedient  servant, 

"W.  G.  Price, 

*'AuUtani  Engineer. 
"Maj.  Amos  Stickney, 

"  6'orp«  of  Engineers,  U.  S,  A," 
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The  Deco88ity  for  protecting  the  bank  in  the  Gouldsborongh  Bend  being  more  press- 
ing than  that  in  the  CarroUton  Bend,  the  Coinniission  authorized  its  commenceinont, 
which,  on  account  of  lack  of  sutliciont  funds,  necessitated  the  stoppage  of  work  at 
CarroUton. 

The  ])htn  for  the  Gouldsborongh  protection  is  one  which  has  not  heretofore  been 
tried  on  this  river,  but  one  from  which  I  have  strong  hopes  of  g9od  results.  The 
main  feature  of  the  plan  is  the  deflection  of  the  current  from  the  bank  by  means  of 
Hpiirs  constructed  of  brush  and  stone.  To  prevent  or  lessen  the  eddies  the  spurs  are 
submerged  and  sloping,  and  are  placed  on  mattresses  to  prevent  their  beiu|{  under- 
mined. 

The  necessary  working  ))1ant  has  been  procured,  contracts  have  been  made  for  the 
material,  and  one  spur  is  well  under  way, 

Jjyproximate  eaiiniate  for  completing  work  of  improving  harbor  at  New  OrUan», 

CarroUton  Bend,  left  bank $158,600 

Gouldsborongh  portion  of  bend,  right  bank,  5,000  feet  long 64,200 

Gretna  portion  of  bend,  right  bank,  about  8,600  feet  long 64,200 

Bend  above  Gretna  to  a  point  nearly  opposite  the  City  Park,  right  bank, 

26,400  feet 306,600 

Total 683,600 

The  following  report  of  Assistant  Engineer  W.  G.  Price  is  referred  to  for  the  details 
of  the  work : 

"Nkw  Orleans,  October  I,  1884. 

"  Major  :  I  have  the  honor  to  submit  the  following  report  of  operati«ins  for  the  im- 
provement of  the  harbor  at  New  Orleans  during  the  eleven  months  ending  September 
:J0,  1884 : 

"  When  I  submitted  my  last  report,  the  work  of  protecting  the  cayin|(  bank  in  Car- 
roUton Bend  was  in  ]>rogress.  The  plan  was  to  sink  a  continuous  willow  mattress 
400  feet  wide  and  10,000  feet  long.  The  contractor,  Mr.  George  W.  Davis,  failed  to 
furnish  brush  in  sufficient  <]uantities,  which  delayed  the  work  to  such  an  extent  that 
on  November  22  there  were  only  275  linear  feet  of  mattress  woven.  On  that  date  his 
contract  was  annuled,  and  arrangements  for  brush  were  made  with  Mr.  J.  H.  Gardner. 
Under  this  nrrangenient  some  brush  was  received,  and  it  was  expected  that  work  coald 
be  resumed  with  a  strong  force,  but  the  rapid  rise  of  the  river  made  it  hazardous  to 
continue  the  construction  of  so  large  a  mattress.  All  of  the  brush  was  woven  in  mak- 
ing a  mattress  470  feet  long. 

"On  December  7  prepariit ions  for  sinking  were  commenced,  and  on  the  12th  the 
mattress  was  h>\vered  to  the  bottom.  Owing  to  a  large  quantity  of  drift-wood  lodffing 
under  the  mattress,  considerable  more  rock  was  required  than  was  expected,  and  as 
tliere  was  only  a  limited  snpx)1y  on  hand,  the  last  portion  of  the  mattress  to  go  down 
was  not  very  heavily  ballasted.  During  the  night  of  the  12th  a  very  strong  current 
set  in  against  this  ])art  and  raised  up  a  ^mall  portion  of  it. 

*^  Additional  rock  was  then  purclinsed  and  part  of  this  portion  was  forced  down 
again;  the  remainder  was  torn  to  pieces  by  the  current  and  floated  away,  about 4 
per  cent,  of  the  mattress  being  lost. 

*'  In  sinking  the  mattress  it  was  supported  on  the  np-stream  and  down-stream  edges 
by  ropes  to  barges.  These  ropes  were  all  marked  with  tags  4  feet  a  part.  This  made  it 
possible  to  lower  the  edges  of  the  mattress  very  evenly,  as  only  4  feet  at  a  time  was 
let  out  on  each  rope.  The  mattress  was  put  down  under  great  difficulties,  as  at  times 
there  was  a  very  strong  eddy  which  tended  to  twist  tlie  mattress  ont  of  shape.  The 
success  in  putting  down  this  mattress  shows  that  it  will  be  possible  to  pot  down  a 
continuous  matt  less  of  that  size,  ])rovided  there  are  no  large  eddies.  As  there  is  a 
very  strong  eddy  in  CarroUton  Bend  w])en  the  river  is  rising,  it  will  be  necessary  to 
stop  work  at  such  times.  It  also  shows  that  to  make  sure  of  the  mattress  staying 
down  and  not  curling  up  and  beginning  to  break  at  the  edges,  it  will  be  necessary  to 
make  the  mattress  double  at  the  edg«',  with  a  heavy  weight  of  rock  between.  A  sur- 
vey at  CarroUton  Bend  was  made  <lunng  the  month  of  November. 

^'It  is  estimated  that  to  iinisli  tli<^  protecti<mo(  the  bank  in  CarroUton  Bend,  which 
is  now  about  9,(>()0  feet  long,  with  a  continuous  matti*e8s  400  feet  wide,  will  oost 
$15H,(;00. 

'*  From  a  comparison  of  surveys  the  bank  in  this  bend  is  now  cutting  away  at  an 
average  rate  of  14  feet  a  y(Mir,  and  the  cutting  extends  abont  5,000  below  the  bend, 
all  of  which  would  probably  be  stopi>ed  in  a  short  time  after  the  bank  in  the  bend  is 
protected.  It  is  estimateil  that  the  total  loss  per  year  from  caving  of  this  bank  is 
$JG,8(K). 

^'Theroare  no  wharves,  and  the  improvement  would  be  of  little  benefit  to  oooimeiee 
and  navigation  ai  present.  • 
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**  In  order  to  make  tbo  city  of  New  Orleans  secure  from  danger  of  breaks  in  the  levee, 
and  from  bcin|:if  gradually  washed  away,  it  is  necessary  to  protect  the  bank  in  this 
bend,  but  tbo  inuncdiate  importance  of  the  work  is  not  so  great  as  it  is  in  otherportlons 
of  the  harbor. 

•'On  November  19,  1881^,  in  accordance  with  your  order,  I  obtained  the  following  in- 
fomiation  in  regard  to  the  caving  banks,  values  of  property  and  interests  on  the  river 
froiit.  in  Goultlsborough  and  Gretna: 

*  •  The  bank  alontr  some  parts  of  this  front  is  caving  badly.  It  is  occupied  for  railroad 
termini,  transfer  facilities,  warehouses,  and  similar  constructions.  These  are  all  used 
for  |>iiq)ose8  of  commerce  and  navigation,  and  they  cannot  be  safely  used  imless  the 
bank  is  protected.  The  value  of  property  on  this  front  is  estimated  to  be  f  1,400,000. 
Til*'  interests  at  ^take  are  fur  greater,  and  cannot  be  estimated.  The  length  of  th^ 
bank  to  be  protected  here  is  about  l!{,t)00  feet,  bnt  the  work  to  be  i>ermanent  must  in 
tinje  be  carried  round  the  whole  bend,  which  is  about  40,000  feet  long.  The  protec- 
tion adopted  for  Carrollton  Bend  is  not  suited  for  work  in  this  bend,  owing  to  thedif- 
tienlty  in  laying  n  continuous  mattress  where  there  are  wharves  in  constant  use,  and 
tbe  probability  that  the  mattress  would  bo  wrecked  by  the  sliding  down  of  wharves 
under  whieh  a  bank  of  silt  had  collected.  The  improvement  must  be  such  that  the 
8l(»]te  of  the  bank  from  low-water  mark  to  the  bed  of  the  river  shallbecorae  about  3 
to  1  :  then  if  a  mass  of  silt  collect  under  the  wharves  it  will  not  be  likely  to  slide 
down  tin?  bank  and  wreck  the  improvement. 

••  The  protection  pro])osed  by  you  for  this  part  of  the  harbor  consists  of  a  system  of 
sul'inerged  sjjurs,  built  out  at  right  angles  to  the  bank,  and  from  500  to  1,(K)0  feet 
apart. 

•*  The  spurs  to  be  built  out  on  a  slope  of  3  to  I  and  to  be  such  a  distance  apart  that 
th«'  current  dellected  from  one  will  reach  the  next  before  striking  the  bank.  It  is 
estimated  the  cost  of  protection  will  be  as  follows,  exclusive  of  plant : 

Gouldsborough  portion  of  bend  (5,000  feet  long) |64, 200 

Gretna  portion  of  bend  (8,600  feet  long) 64,200 

Bend  above  Gretna  (26,400  feet  long) ,^96,600 

Cost  of  protecting  the  whole  bend 525, 000 

"The  ]>lant  used  in  Carrollton  Bend  can  be  used  for  the  work,  and  there  will  be  re- 
quired in  addition  three  decked  barges  and  a  stern- wheeled  tow-boat. 

**  It  having  been  decided  to  begin  the  work  of  putting  down  submerged  spurs  at 
Gouldsborough,  plans  and  estimates  were  prepared.  Three  decked  barges  were  con- 
structed by  contract  and  delivered  August  28.  The  plant  in  use  last  season  has  been 
improved  and  put  in  order  for  the  now  work. 

**A  survey  of  the  Gouldsborough  portion  of  the  bend  was  completed  in  July.  On 
August  23  the  stern-wheel  tow-boat  Annie  Kelley  was  purchased  ;  she  has  been  em- 
ployed in  towing  barges  of  rock  from  Wilson's  Point  to  Gouldsborough.  On  August 
§4  ihe  plant  was  towed  to  Gouldsborough,  and  on  the  29th  the  constructing  of  the  first 
mattress  was  begun. 

*'lhe  mattress  for  tbe  spur  is  200  feet  wide,  up  and  down  stream,  and  extends  350 
feet  out  in  the  river.  Just  above  the  center  line  of  this  there  will  be  sunk,  one  on 
another,  six  cribs  ,'>|  feet  thick,  the  bottom  one  having  a  width  of  60  feet  and  the  top 
one  a  width  of  20  feet.  The  bottom  one  will  be  short  and  they  will  increase  in  len^h  so 
that  the  top  of  the  last  one  will  be  on  aslope  of  3  to  1  from  low- water  mark. .  Owing  to 
the  slow  delivery  of  material  the  mattress  was  not  completed  till  September  12.  On 
September  15  this  mattress  was  successfully  lowered  to  the  bottom.  It  has  cribs 
filled  with  rock  attached  to  three  sides  of  it.  The  crib  on  the  upper  side  is  inclosed 
so  that  the  rock  cannot  get  out  of  it.  On  September  20  the  first  crib  was  launched 
into  the  river.  They  are  being  constructed  on  ways  which  are  built  on  the  river 
bank.  The  first  crib  was  ballasted  and  lowered  to  the  bottom  successfully  on  Sep- 
tember 27. 

''  It  is  proposed  to  put  down  six  spurs  in  the  Gk>uldsborough  portion  of  the  bend, 
which  it  is  thought  will  give  all  the  protection  required. 

"  Respectfully  submitted. 

"W.  G.  Pbice, 

"Assistant  Engineer, 

*'Maj.  Amos  Stickney, 

•*  Corp*  of  Engineers y  U.  S,  A," 


MONEY  STATEMENT. 


In  Treasurv  Depart uumt,  Washington,  D.  C,  July  1, 1882 $144, 525 

Drawn     .-' $136,000  00 

Transfer  and  deposit 12,826  25 

123, 173  76 

1  79  ENG 
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Not  drawn,  September  30,  1884 |21,:^  15 

On  handy  assistant  treasurer,  Now  Orleans,  July  1,  1882 3, 267  91 

On  hand,  assistant  treasurer,  New  Orleans,  September  30, 1884 22, 997  61 

Inhandsof  assistant  to  September  30,  18.-^4 1,063  31 

Available  September  30, 1884 45.408  07 

Balance  due  from  appropriation,  October  31, 1683 Ti.  rc?  10 

Received  since  October  31,  1883 $136,000  00 

Transfer  and  deposit 12,8*20  25 

Expended  since  October  31,  1883 93,545  73 

On  hand  September  30, 1884 „ 24,050  9*2 

136,000  00 

Total  available  since  Julv  1,1882 147i^W3  el 

Total  expended  since  July  1,1882 102,390  74 


Condtnsid  lint  of  plant  for  ivhich  Maj.  Amos  Stickney,  Corps  of  Enginefrs,  U.  S.  A,,  it 

responsibli'j  and  its  present  estimated  value, 

HAKBOU  AT  NEW  ORLEANS,  LOUISIANA. 

1  boat,  sream  (stern-wheel) $14,3^  00 

1  boat,  tnjr  (steam) 4,500  00 

1  launch  (steam) 2,700  00 

15  barges 21,500  00 

1  barge,  coal 40  00 

MOUTH   OF   RED   RIVER,  LOUISIANA. 

2  boats,  quarter |3,50D  00 

HARBOR  AT  NATCHEZ  AND   VIDAUA. 

i  boats,  flat Almost  valueleM. 

CUB1TT*8  GAP. 

Total  allotted |300  00 

Total  drawn 300  00 

On  hand,  assistant  treasurer.  New  Orleans,  La  168  dS 

Expended  to  September  30,  1884 137  14 

OBSERVATIONS  Ai    CARROLLTON.  ' 

Total  allotted 4,500  00 

Total  drawn 4,500  00 

Total  expended 4,454  11 

On  band,  assistant  treasurer,  New  Orleans,  La 498B 

UNLRVEED  FRONTS. 

Total  allotted 1,000  00 

Total  drawn 1,000  00 

Total  expended 90S  12 

On  hand,  assistant  trt^asurer.  New  Orleans,  La 97  88 

Verv  respectfully,  your  obedient  servant, 

Amos  Sticxhby, 
Afqfor  of  Enginoertj  U.  8.  A 

Lieut.  Col.  C.  15.  Comstock, 

Corps  of  Krtffineersj  U,  S.  A, 

President  Mississippi  River  Commission. 
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Appendix  K. 

report  of  captain  e.  ii.  ruffnek,  corps  of  engineers,  upon  the  improve- 
ment of  thk  mississippi  river  between  the  de8  moines  rapids  and  the 
mouth  of  the  illinois  river. 

United  States  Engineer  Office, 

Quincy,  Illy  October  17,  1884. 

Sir:  Iu  coinpliaDce  with  your  circular  calling  for  an  annual  report  of  the  opera* 
tions  in  the  '*  improvemeut  of  the  Mississippi  River  between  the  Des  Moines  Rapids 
and  the  mouth  of  the  Illinois  River,"  up  to  October  1,  1884,  I  have  the  honor  to  for- 
ward herewith  copy  of  the  annual  report  of  Maj.  A.  Mackenzie  to  July  1,  1884,  and 
to  supplement  his  report  by  a  brief  one  of  my  own,  to  cover  the  period  £rom  July  1  to 
October  1,  1884. 

Understanding  it  to  be  your  wish  that  the  report  be  as  concise  as  possible,  I  have 
not  forwarded  the  reports  of  Major  Mackenzie's  assistants,  which  can  be  sent  you  if 
desired. 

Having  reported  at  Rock  Island,  IU.,  August  14,  and  assumed  charge,  after  an 
inspection  of  the  river,  on  September  1,  I  am  really  only  able  to  report  of  the  inter- 
vening period  to  end  of  September ;  but  as  the  principal  work  was  done  that  month, 
perhaps  all  that  is  required  will  bo  found. 

Very  respectfully,  your  obedient  servant, 

E.  H.  Ruffner, 

Captain  of  Engine&rs. 


IMPROVEMENT   OF   THE   MISSISSIPPI    RIVER  FROM  DES   MOINES  RAPIDS  TO  MOUTH  OF 

ILLINOIS   RIVER. 

With  this  general  appropriation,  works  for  the  benefit  of  through  navigation  are 
carried  on  at  localities  selected  each  year  as  being  in  greatest  need  of  improvement. 

During  the  past  tiscal  year  improvements  have  oeen  carried  on  by  formal  contract 
at  Louisiana,  Mo.,  and  Quincy,  111.,  by  informal  agreement  at  Gilbert's  Island  and  vicin- 
ity, and  by  aid  of  the  Government  plant  at  Alexandria,  Quincy,  Marion  City,  Hanni- 
bal, Canton,  Howard's,  Gilbert's  Island,  Denmark  Island,  and  Dardenne  Island. 

The  details  of  this  work  aro  given  in  the  reports  of  Assistants  Meigs,  Ho£Dman,  Dur- 
ham, and  Chalfce.  Allotments  have  been  made  from  this  appropriation  for  the  snag- 
boat  service,  the  removal  of  wrecks,  surveys,  and  additions  to  plant. 

The  work  at  all  points,  excepting  Howard's,  has  been  of  the  same  character  as  that 
heretofore  carried  out  and  fully  described  in  previous  reports.  At  Howard's  Bar,  l)e- 
tween  Canton  and  La  Grange,  Mo.,  a  Government  dredging  outfit  was  used  in  con- 
nection with  the  formation  of  a  new  channel  and  the  construction  of  dams.  Howard's 
(or  Smoot's)  Crossing,  always  one  of  the  worst  between  Keokuk  and  Saint  Loiiis, 
threatened,  during  the  fall  of  1883,  to  seriously  interfere  with  navigation.  A  cut 
about  1,000  feet  long,  110  feet  wide,  and  of  a  depth  of  5  feet  at  extreme  low  water, 
was  made  through  the  bar  in  about  a  week,  and  at  comparatively  small  expense. 

Eleven  thousand  one  hundred  and  ninety  cubic  yards  of  material  were  removed  by 
the  dredge.  This  cut  remained  open  and  furnished  a  good  channel  throughout  the 
season  of  low  water. 

After  the  completion  of  the  cut  the  dredge  supplied,  from  a  gravel  bar,  material  for 
the  construction  of  two  wing-dams  similar  to  the  one  constructed  at  Hannibal  in  the 
spring  of  1883. 

While  the  first  wing-dam  was  under  construction  the  swift  current  caused  the 
gravel  to  vspread  over  a  very  wide  area,  and  to  obviate  this  waste  of  material  appli- 
ances for  checking  the  current  during  time  of  construction  were  subsequently  used. 
The  small  amount  of  money  available  for  work  during  the  year  and  the  late  day  at 
which  it  was  permissible  to  make  use  of  the  Government  dredge  cut  short  the  season 
of  operations  iu  the  vicinity  of  Howard's,  but  enough  work  was  done  to  fully  estab- 
lish the  fact  that  dams  can  be  constructed  of  gravel  more  rapidly  and  at  a  much  less 
cost  than  those  built  of  brush  and  rock.  This  class  of  wofk  will  be  resumed  when 
future  appropriations  will  permit,  and  before  the  close  of  the  present  season  it  is  ex- 
pected that  important  results  and  information  will  be  secured. 

Trouble  being  anticipated  at  Mundy's  Crossing,  18  miles  below  Hannibal,  during 
the  period  of  low  water  of  last  season,  a  cut  60  feet  wide,  6  feet  deep,  and  about  200 
feet  long  was  made  in  thirty-six  hours  by  a  hired  dredge.  After  this  cut  was  opened 
no  diflSculty  was  experienced  at  this  point. 

The  experience  of  the  past  season  has  shown  that  much  assistance*  can  be  given 
to  navigation  by  this  kind  of  work,  which,  thongh  temporary  in  a  certain  sense,  is 
likely  to  be  permanent  for  one  season,  if  not  longer.    By  the  temporary  use  of  dredges 
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at  an  expense  bo  comparatively  sniuU  as  to  be  fully  jastifiablo,  I  have  no  doubt  a  {^ikmI 
navigable  channel  can  bo  maintained  during  the  low- water  season  on  this  stretch  of 
the  river,  and  if  the  navij^ation  of  the  river  is  to  be  continued  with  success  by  steam- 
boats, 8urh  temporary  aid  must  be  j^iveu  until  such  time  as  the  permanent \-hannel 
impmvetneiit  is  completed.  It  is  pioposed  to  furnish  as  much  aid  in  this  direction 
di'iinp:  The  coming  srasoii  as  ciiciiirisiancos  permit.. 

The  fumls  available  liav<i  not  permitted  work  to  be  carried  on  during  the  past  year 
at  I  lie  (ioverument  (juariy  at  Dixon's  Landing,  but  a  portion  of  the  loek  in  srore  at 
th:it  point  was  usetl  in  o«>nnection  with  imi»rovement8  near  Qninry.  111.  \  large 
amount  of  roi-k  is  still  on  hiind.and  will  be  used  during  i>n*sent  s«*a?<m;  Tliis  quarrj- 
iei  an  imporrant  adjunci  of  the  work  of  river  iiu]irovemeiit,  in^u^i^g  as  it  dtH-s,  when 
other  8()ure<'s  fail,  a  steady  and  jiuii»le  sujiply  of  mek  at  a  reasonaVtie  eost. 

The  greatiT  ])art  of  the  work  of  tlie  jiast  liKeal  year  was  carried  out  late  in  the  sea- 
Mii  of  IrKi,  and  resnlls  attainetl  cannot  be  given  until  the  low-water  season  of  preseut 
vt  ar  anives. 

At  points  where  former  improvements  were  made,  no  trouble  has  been  experienced 
dnii;ig  tin'  }»ast  year,  even  at  i4ie  lowj^t  stages.  A  sketch  showing  the  favorable  re- 
sn.ls  atiaint'il  below  the  Louisiana  Hiidge  is  a])pi'nded. 

Tlur  sysri  Hi  of  improvement  now  in-iug  carri^Ml  out  betwi?en  the  Des  Moines  Rapids 
and  rhe  month  of  \\n)  Illinois  Rivrr,  which  consists  in  closing  side  chutes  and  reduc- 
ing the  streimi  to  a  uniform  width,  will  in  time  accoin])lish  all  the  results  claimed  for 
ii,  aiid  tha«  this  sysK'tn  i:«  ;xenerally  ludorsid,  and  has  gn'atly  beuelited  commerce^ 
is  eonelnsivj'ly  shown  by  tl)e  report  of  the  select  Senate  committee,  published  in 
^rnale  Doe.  Xo^IJO.  Forty-second  (.'ongress.  lirst  session. 

The  point  w}ii(!h  is  now  especially  alnK;d  a;  is  such  imjirovement  in  the  methods 
of  constructing  wing  and  iIo>ing  dams  and  shore  protections,  as  will  reduce  their 
oiigiual  eo^t,  and  do  away  with  the  exi)enst^  atten<ling  repairs,  &c.,  and  at  the  same 
limi*  admit  of  more  rapid  construction. 

No  funds  liave  be<Mi  available  for  resuming  w<»rk  in  l^f^l,  exce]»ting  in  the  vicinity 
of  Quincy,  III.  During  the  ])ast  winter  the  plant  pertaining  to  this  appropriation  hM 
been  put  in  g«»o<l  t)rdei'.  and  is  now  rea<ly  for  use. 

tSiimman/  of  vrpendiltirt's  for-  J'tHcal  year  tnding  June  IW,  Ici84. 

Quiney  n; vermeut (24, 3*J5  47 

Viriuity  of  Louisiana 44,690  71 

Repairing  dam  at  Alexandria...*. 1,619  92 

Marion  City  and  Hannibal 13,934  83 

lit'pairs  at  Gilbert's,  Denmark,  and  Dardeu no  islands 2:i|9ti7  M 

Dredging  and  bnililini;  grav«d  dams  at  Howard's 5,613  50 

Quincy  (dams  1,  *J,  and  :i)  1,577  54 

Kejiairs  at  Canton  and  Sumot  chutes 4,592  56 

Kt-moviug  wrecks  at  Hamburg,  Keokuk,  and  Quincy 1, 332  07 

Purchase  and  repairs  of  plant 15,018  35 

Snag-boat  General  Barnard 348  33 

Surveys  and  gauges 502  Vt 

137,742  45 
Note. -.-Of  above  amount,  $5,978.8:;^  was  reported  as  outstanding  liability  July  1, 1883. 

ExpendiUirrs  on  the  various  Bvctions  of  the  rirtr  between  Des  Moina  Rapids  and  the  irmA 
of  the  lllinoiH  River  from  commencement  of  improvement  to  Juljf  1,  1884. 

Drs  Moines  Kapids  to  Quincy  Bridge  (40  miles) $80,653  58 

Qnincy  Bridge  to  Saverton  (25  miles) - 49, 352  71 

Sa  vert  on  to  Louisiana  Bridge  (25  miles) 196,703  77 

Louisiana  Bridge  to  Hamburg  (25  miles).. 96,788  04 

Hamburg  to  Illinois  River  (48  miles) 41,968  30 

Surveys  and  gauges 38i  363  35 

Snag-boats  and  wrecking 23,784  36 

Material  and  Government  quarry 29,538  8li 

Plant  at  estimated  value 43,353  78 

602,406  76 

As  the  Government  is  now  provided  with  the  plant  and  outfit  needed  for  oatrriaf 
on  extensive  operations,  and  as  an  economical  method  of  working  requires  libenl  a^ 
propriations,  it  is  hoped  that  this  section  of  the  river  may  be  granted  the  turn  €f 
$1,CH)0,000  for  the  tiscal  vear  ending  June  30,  1866. 
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ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  June  18,  1878 $100,000 

By  act  approved  March  3,  1879 40,000 

By  act  approved  Juno  14,  1H80 100, 000 

By  act  approved  March  3,  1861 17r>,  000 

By  act  approved  August  2,  1882 200, 000 

615. 000 
A  true  copy. 

A.  Mackenzie, 

Major  of  Engineer 8* 
A  true  co[)y. 

E.  H.  RUFPNER, 

Captain  of  Engineers, 
Lieut.  Col.  C.  B.  Comstock, 

Corps  of  Engineers f 

President  Mississippi  Biver  Ccnnmission. 


IMPROVING   MISSISSIPPI   RIVER   BETWZEN  DE8  MOINES    RAPIDS  AND  MOUTH   OF  ILLI- 
NOIS  RIVER,   JULY   1,   1884,   TO   OCTOBER   1,  1884. 

(Major  A.  Macikonzie,  Corps  of  Engineers,  in  charge  to  September  1,  Captain  E.  H. 
Rutl'ner,  Corps  of  Engineers,  in  charge  September  1  to  October  1.) 

During  July  no  new  work  was  done,  the  operations  in  construction  being  confined 
to  the  raising  and  repairing  of  tbe  dams  opposite  Quincy,  111.,  known  as  2.68  and  3.68, 
in  which  works  were  used  l,4:iy  cubic  yards  of  stone. 

The  jtrojtct  of  exi)enditur(^  fortlio  new  appropriation  having  been  approved  AugHSt 
1,  woik  was  begun  first  by  continuing  the  shore  protection  of  Buffalo  Island,  below 
Louisiana  Bridge,  under  the  contract  with  Patterson  Bros.,  dated  November  9, 
1882,  and  the  raising  of  a  low  place  in  the  wing-dam  built  from  the  shore  opposite  the 
foot  of  BulValo  Island.  This  work  was  satisfactorily  completed  August  30.  An  agree- 
ment was  made  with  Mr.  H.  L.  Brown,  at  25  cents  per  cubic  yard  for  dredging  gravel 
and  ])utting  in  a  foundation  3  feet  deep  for  a  closing  dam  between  Brokaw Island  and 
the  Illinois  shore.  This  work  began  in  August  and  was  finished  October  15,  and  the 
material  used  amounted  to — 

19,760  cubic  yards,  at  a  cost  of $4,940 

15  piles,  at  a  cost  of ()0 


5,000 


To  complete  this  work,  that  is  to  put  in  the  shore  protection,  at  the  head  of  Brokaw 
Island  and  the  brush  and  stone  dam  on  top  of  this  foundation,  bids  were  opened  Sep- 
tember 1,  1884,  of  which  the  following  is  the  abstract : 


Namea  aod  residencea  of  bidders. 


1  '  Fniin,  Banibrio  &  Co.,  Saint  Loais,  Mo 

2  '  II.  ^IcPborfton  Sc  Co.,  Boonville,  Mo  ... 
8     C.  S.  Whitney,  Keoknk,  Iowa 

4  X.  J.  "Whitney,  Keoknk,  Iowa 

5  '  n.  S.  Brown,  Qnincy.  Ill 

C  j  Patterson  Bros.,  Keoknk,  Iowa 


10,000  onbic  yards 

8,000  onbic  yards  ! 

of  stone. 

of  brush. 

it 

per 
ard. 

f^^ 

Amoont. 

8o 

Amonnt. 

rs 

?s 

And 
o 

$1  49 

$14,900 

|0  80 

$6,400 

1  49 

14,900 

85 

6,800 

1  35 

13, 500 

90 

•    7,200 

1  49 

14,900 

80 

6,400 

140 

14,000 

91 

7,280 

1  85 

13,600 

65 

5.200 

Aggregate. 


$21,300 
21,700 
20,700 
21, 300 
21,280 
18,700 


Contract  was  made  with  Patterson  Bros.,  of  Keokuk,  Iowa,  for  this  work  at  the 
above  fifi:ures,  and  work  began  at  once,  September  24,  and  some  small  amount  was 
done  before  the  close  of  the  month.  Mr.  J.  C.  McElherne  has  acted  as  the  inspector 
for  the  works  in  this  vicinity,  and  will  for  the  new  work  contracted  for  by  Mesars. 
Patterson. 
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wur&  Willi  uuiLtfli  DiHisfl  umjn^  iiu.  <g,  Hjw-uume  o  luiu  «i  nuu  fluiutuin  ihukeh,  atv», 
OD  a  cliMtinK  daiu  Ijet^een  the  lUinoU  shore  And  the  Wend,  No.  421,  onxMite  Jjm 
Orange.  Tliia  work  was  in  immediate  chargo  of  AasiatADt  Engioeet  W.  A.  Tliomp- 
SOD  ;  Asaistaut  Enj^inrer  Huffman  died  Aagnat  13.  After  that  time  Aanstant  EngioMrr 
0.  a.  Chaffee  exercised  a  general  snperviBioD  over  this  irorli,  aa  nell  aa  over  that 
done  b,v  the  Cool  BliiD'  aud  plant. 

The  eloiiiiig  dam  irnn  liiiilt  somewhat  differently  from  ordinary,  there  beiiiK  a  line 
of  piles  an<l  sheet  piling  used  na  iiriuuiiial  obalniction  to  the  now  of  water  throufrb 
the  aloiigli.  I^treiigthciied  by  the  use  of  mats,  gravel,  and  of  atone,  it  was  hoped 
i\u:  dani  wimld  anawer  Its  imnHiKe,  and  bv  more  economical  than  other  methods 
used.  Time  will  hIiow  nn  to  this.  This  ilani  was  completed  Beptemlrer  17.  A  wing- 
dam  WHS  tlivn  bepHii,  about  U,WO  fi-et  below  wing-dam  3.66,  half  way  between  Can- 
ton  and  La  Orange,  and  wiis  fairly  under  way  at  the  close  of  the  month.  The  effects 
of  tbesi'  new  workK  are  not  as  yi't  evident,  owing  to  their  recent  construe  I  Ion  anil 
eoutiniii'd  high  wuti-r,  bnt  it  may  he  said  that  the  bar  above  LaGrauge  is  evidently 
cutliug  und  the  ehannel  atraightening. 

The  steaiiH-r  Coal  llliilt'  (11.  S.  No.  !>]  waa  iirepared  for  service  September  1,  and 
Btarh-d  fnmi  Keokuk  fur  work  nearDixstrn's  Landing  with  part  of  her  plant.  It  was 
found, huwevi-r,  that  she  Imki-il  badly  and  she  was  placed  on  the  ways  at  Qniney. 
ThiH,  aud  a  deluy  in  gelling  her  olf  from  the  ways,  postponed  the  beginning  of  the 
work  nntil  the  niid'leof  thi-  monlli.  Kiiice  then  she  haa  been  engaged  in  putting  in 
shore  protection  at  ItollerV  Islaud,  nnd  in  preparing  to  pat  in  a  dam  from  the  island 
to  the  tow-ht'ad,  n  work  which  will  lie  alHint  :iWI  feet  Jung.  This  work  is  nuder  the 
immediate  ebar^je  of  Assislant  Engineer  C.  M.  Bennett. 

CouliunnnH  liigti  water  in  ^epteiulier  and  since  then  has  made  the  works  of  con- 
ntriictioii  mure  tedious  and  exjieni>ive  Ilmn  nsnal,  and  have  hindered  neoeaaaiy  aur- 
vcya  to  ileteniiine  the  etii-eta  of  jimvious  works. 

AmiKtaul  EnginrtT  O.  N.  Chan'ee  has  assisted  me  in  the  purchase  of  supplies,  tbf 
JnHt>ecti<iii  of  work  and  the  general  management  of  working  parties,  and  in  carrying 
out  the  )dpns  of  Sliyor Mackenzie,  aaaet  £rth  in  the  approved  prtiject. 

lIuU  were  ojieiiod  Se]>teuilier  5  fur  dredging  in  Qniney  Bay  in  accordanoe  with  tba 
teniiH  of  the  njipropriation,  which  allot  teiffl  2,  fiOO  foe  this  purpose.  Thecontraot  wii 
assigned  to  )[.  K.  Drown,  after  C.  1^.  Williams  who  hail  made  an  equally  low  bid,  bad 
resigned  in  his  favor. 

Tlie  iilislrai'l  of  |in>pOHala  ia  given  lielow : 


W:s 


11 


ifc 


re.lil«nn'.  uf  bl.ldm. 


llllil 


m 


I  Per  enlric  nurd.  Ptr  enbityard. 

•  >'.  Bui'liniEtiia.  I<niii   fo  IS                     #D  21  *II,TO0M 

iH-y.  Kiiikiik.  Iiiwii IDI                      11  '  U4UI9 

iiti».  K<  »kiik.  Toiira ,  M                           M  8,400  09 

iii-j.  K.iikiili.  Iowa I  ]!  I                       n  a,5MM 

II.  IJlriui-y,  111 - H  .                       14  B,4aiN 

lim.JJulmqm-.  Iowa l  !3  ,                      13  18.aM« 


VALUE  OF  PlJlKT. 

Coal  KliiM,  I  iiitiMl.>iiiitP»  tow-boat  Ko.  5 810,000 

li  new  liniy.-s,  at  SIS.lHiiJ 18,000 

:told  barges,  ;it  ftl,yuu 3,600 

I  oldliarge 500 

Icoal  dat 1,900 

1  pile-driver  und  tender 1,800 

3  quncter-lioalH,  Iwo  at  $l,800andonnat  $r<uO S,900 

1  lannrh,  Irene 1,500 

1  dredge,  United  States  No. -J S5,000 

■.'.  diimpbciat.-,  at$l,(H>U 6,000 
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FINANCIAL  STATEMENT. 

AppropriatioD,  July  5,  1884 $200,000  00 

AmouDt  expeDded  to  October  1,  1884 $18,251  35 

Amount  contracted  for  with  Patterson 18, 700  00 

Amount  contracted  for  with  H.  8.  Brown 8,400  00 

45,351  35 

Balance  available  October  1, 1884 154,648  65 


Appendix  L. 


REPORT  OF  MAJOR  O.  H.  ERNST,  CORPS  OF  ENGINEERS,  UPON  THE  IMPROVEMENT  OF 
THE  MISSISSIPPI  RIVER  BETWEEN  THE  MOUTHS  OF  THE  ILLINOIS  AND  OHIO 
RIVERS. 

United  States  Engineer  Office, 

Saint  Louis,  Mo.,  October  17,  1884. 

Sir  :  In  eoiii])liance  with  the  instnictious  contained  in  your  circular  of  September 
17,  lt;H4,  I  have  the  honor  to  submit  the  following  anuual  report  for  works  executed 
from  funtUs  controlled  by  the  Mississippi  River  Commission,  the  report  being  brought 
down  to  October  1, 1884,  "  for  the  portion  of  the  river  under  my  charge,  viz,  between 
the  Illinois  and  Ohio  rivers." 

This  portion  of  the  river  came  under  the  control  of  the  Commission  by  a  provision 
in  the  river  and  harbor  act  of  July  5, 1884.  Up  to  that  time  operations  had  been  car- 
ried on  uluier  the  Chief  of  Engineers,  United  States  Army,  being  regularly  described 
in  my  annual  reports,  the  last  of  which  gives  their  history  for  the  hscal  year  ending 
June  :K),  l^?84.  Upon  the  8th  of  August  I  received  notice  that  my  prelect  for  the  ex- 
penditure of  the  new  appropriation,  the  lirst  one  under  the  coutrol  of  the  Commission, 
was  approved.  At  that  time  the  works  had  been  suspended  for  about  two  months, 
nearly  all  supplies  had  been  exhausted,  and  the  laboring  force  was  disbanded.  Al- 
though i>reparation8  for  the  procurement  of  supplies  and  the  reorganization  of  the 
force  had  already  been  begun,  and  no  time  has  since  been  lost  in  this  office,  these 
preparations  are  not  even  yet  entirely  completed.  The  works  under  the  new  appro- 
priation may  therefore  be  said  to  be  only  rairly  inaugurated.  My  report  upon  this 
occasion  will  therefore  necessarily  be  brief.  The  works  consisted  entirely  of  the  re- 
pair or  extension  of  those  begun  in  former  years,  with  the  exception  of  the  one  at 
Cairo,  III. 

ALTON. 

The  dike  opposite  and  above  the  landing  at  Alton  had  accomplished  the  desired 
result  of  improving  the  landing,  but  there  had  been  considerable  settling  in  some 
portions  of  it.  To  preserve  its  efficiency  it  was  considered  desirable  to  fill  up  thede- 
pressions,  and  to  raise  the  general  level  of  its  crest  to  the  height  originally  fixed 
upon — 14  feet  above  low  water.  This  work  was  begun  in  August.  By  the  1st  of 
October  a  length  of  about  1,680  feet  had  been  raised  to  the  required  height,  and  good 
progress  had  been  made  in  raising  otfier  portions.  The  work  was  temporarily  sus- 
pended at  that  time,  on  account  of  high  water.  The  expenditures  were  $4,915.40, 
making  the  total  cost  of  the  dike  to  that  date  $72,240.10. 

ARSENAL  L<iLAND. 

Thr  i)rotecti()ii  of  tli<*  west  side  of  Arsenal  Island  had  been  put  in  at  various  dates, 
beginning  \vith  IbTT.  The  portion  near  the  head  of  the  island  was  unprovided  with 
a  mattress  at  the  foot  of  the  sloi)e.  It  was  considered  necessary  to  place  such  a  mat- 
tress, in  order  to  secure  the  old  work  from  injury,  and  an  extension  of  the  whole, 
about  the  head  of  the  island,  had  become  necessary.  The  work  was  begun  August 
1*2,  and  con)j)leted  JSepteniber  19.  A  mattress  120  feet  wide  and  1,283  feet  long  was 
placed  below  low-water  mark,  its  up-stream  extremity  being  about  300  feet  above 
the  terminus  of  the  old  work.  Riprap  was  deposited  upon  the  bank,  above  low 
water,  over  this  length  of  300  feet,  and  about  the  head  of  the  island  to  a  distance  of 
about  100  feet  on  its  eastern  side. 

HORSETAIL. 

The  new  bank  built  up  by  the  work  of  former  years,  upon  the  west  or  Missoiiri 
side  of  the  river,  had  been  partially  protected  on  its  channel  side,  the  mattress  hav- 
ing been  placed  at  the  foot  of  the  slope,  and  riprap  deposited  above  low- water  mark 
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to  a  height  of  about  G  fvvi.  Thin  protrctiou  has  been  extended  this  ai^usou  to  a 
bcljiht  of  about  iil  feet  above  si  a  ml  aid  low  water,  for  a  length  of  about  1,150  feet. 
A  portion  (about  'M\('  cubic  yards)  of  tlie  stouo  used  waa  obtained  fro:n  the  old  dike 
No.  1.  Upou  tho  Illinois  sule,  the  two  new  hurdles,  railed  27|  and  5it)i,  wliich  had 
been  construricd  to  a  length  of  ^,'^^lo  and  1,450  feet,  respectively,  from  the  Illinois 
shore,  were  exti  uded  to  their  full  length  of  2,U55  and  2,135  feet,  respectively,  and 
wore  nearly  eonipleteil.  A  new  hurdle,  to  be  called  No.  31,  was  laid  out  about  l,tHX> 
feet  below  No.  'M\  but  only  a  lew  ])iles  (eight)  had  been  driven  October  1.  The  good 
results  lieretol'ore  S4'<run'd  have  been  maintained  during  the  recent  low-water  season, 
the  l(?ast  depth  ibnud  being  i)  fi'cl. 

TWIN   HOLLOWS,  WFST  SIDK. 

Very  heavy  deposits  were  secured  at  this  h»cality  during  the  summer  rise.  Some 
reiviirs  wen?  re^juinMi  in  the  ])rimary  hurdle  stud  in  secondary  hurdles  1,  4,  and '». 
Those  in  No.  1  wrre  compl«  led,  and  those  in  the  primary  hurdle  nearly  completed, 
and  those  in  Nd.  1  were  be/^un.  The  good  results  heret.(»fore  secured  by  these  works. 
in  connection  wiih  tbosi- at  rnlliight,  were  maintained  throughout  the  recent  low- 
water  st'ason,  tin*  1(  ast  de[»ih  iound  in  the  channel  being  J)  fo't.  The  lower  crossing 
has  li(  en  ]iusjhm1  down->tream  ^ulliciently  far  to  justify  the  beginning  of  another  sec- 
on«i;My  hurdle,  No.  (>.  Tlie  process  of  straightening  the  channel  is  working  very 
favorably. 

TWIN   HULLOW.S,  EAST  SIDE. 

Tlie  riviT  ha\  iiiu.  shown  a  tendency  to  attack  the  bank  at  a  point  lower  down  than 
where  the  ]»rote<-iiun  of  lormer  years  had  been  placed,  it  became  necessary  to  extend 
tlie  latter  <lo\\  n-streain.  Ibis  work  w:is  begun  early  in  September.  A  mattress  1*20 
fi.et  wide,  to  be  ]»Iaceil  In-low  low-water  mark,  was  begun,  and  by  tho  Ist  of  October 
had  reached  a  length  of  lUM)  fci't.     The  old  work  stands  intact. 

PULLTIGHT. 

Work  at  this  lr»cality  was  begun  in  the  hitter  part  of  August.  Hurdle  No.  5,  which 
required  only  the  wattling  to  linish  it,  was  completed,  andJ^o.  4,  1,770  feet  long,  was 
bfgnn  and  by  the  Isi  of  Octob(?r  was  well  advanced  towards  completion.  'These 
w(»rks  have  contribute*!  towards  the  good  results  above  reported  for  Twin  Hollows, 

wi'st  sidi". 

'MlM  smith's." 

The  uKi^t  exren-'ivt-  worlds  of  the  seas<)n  an^  being  carried  on  at  this  locality,  but  as 
they  con>ist  simply  oi  rejMMisnucting  theohl  hurdles  and  decreasing  the  interval  be- 
tween tluMo,  by  ibr  const  rn<li<»n  of  new  ones  midway  between  the  old;  they  may  be 
des(M  ioed  in  small  hi)ace. 

Work  has  been  ]»ro>!ecn  I  id  upon  Nos.  :U,  4,  4^,  .'),  ^y^y  <>,  6J,  7,  and  7^.  Of  these,  4,  4J, 
and  5  wen^  wrll  jidvaneed  toward  <?r»mpletion  on  1st  of  October;  3^  and  C  were  only 
fairly  ])i*giin,  an<l  good  ))roi;ress  had  been  made  upon  the  others.  The  least  depth 
found  in  1h<*  channel  during  the  recent  low- water  season  waa  7^  feet  and  was  foand 
op]»osit4;  Chesley  Island. 

CAIRO   PROTECTION. 

riie  liver  and  haibor  act  of  .Tuly  f),  lH-4,  in  the  item  appropriating  $520,000  for  this 
dist  riet ,  ju'ovided  as  follows,  viz :  "br/O.tioo  of  which  sum  shall  be  used  in  extending  the 
works  tor  tlie  })rot(jction  of  the  easterly  bank  of  the  Mississippi  River  at  Cairo,  111., 
and  the  preveniitm  of  its  wash  or  erosion,  commencing  at  the  southerly  end  of  the 
ju'eseiit  (Jovernment  revetment  work,  and  continuing  down-stream.''  The  locality 
thus  s]>ecincally  described  is  sliown  upon  the  inclosed  sket-ch.  A  series  of  spar-dikes 
were  constructed  here  some  thirty  years  ago  by  the  Cairo  Land  Company.  They  have 
had  the  usual  eifect  of  spur-dikes  built  in  a  rapid-flowing  stream  with  a  soft  bottom. 
Deep  excavations  have  been  made  between  them,  and  in  the  case  of  two  or  three  at 
the  up-stream  end  of  tho  series,  they  have  been  cut  olFfrom  the  bank  and  have  dis- 
appeared. Those  that  remain  have  been  the  subject  of  repair  at  intervals  ever  since 
their  construction,  and  large  quantities  of  stone  have  been  placed  upon  the  bank 
between  them.  These  re-enforcements  have  usually  been  made  nnder  pressure, 
when  the  river  was  high  and  threatening.  The  material  was  thrown  in  where  it 
seemed  to  be  most  required,  withbut  much  system,  and  without  any  record  of  where  it 
was  deposited.  It  is  uncertain  how  much  of  t  he  slope  below  the  water-surface  is  eoT- 
cred,  but  it  is  to  be  supposed  that  much  of  that  between  the  spurs  is  not  safe  ftom 
undermining.     It  was  accordingly  determined  to  place  a  continuous  mattress  of  the 
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standard  width  l*J()  tW\  outside  of  and  embracing  all  the  spurs  and  intervals  between 
them,  tlie  inji<*r  rd;»c  of  tln»  ujattress  beinp:  placed  as  nearly  as  practicable  on  the  low- 
water  lin<».  Tlie  Jagged  outline  of  the  bank  rendering  necessary  sharp  curves  in  the 
mattress,  and  tlu^  swift  eurrents  about  the  ends  of  the  spurs  having  a  velocity  in 
Home  cases  of  r*  fot't  per  second,  have  made  this  a  difficult  piece  of  worK.  By  the  Ist 
of  OetolMT  the  mattress  had  reached  a  length  of  l,0l5i  feet,  of  which  260  feet  at  the 
up-stream  end  had  been  sunk.  The  ca.sh  expenditures  were  $5,511.51,  to  which  should 
be  added  $;l,l)l().(i7  for  the  use  of  plant. 

Tlnf  casli  expenclitures  for  the  works  other  than  Alton  and  Cairo  were  $77,(>12.23." 
As  tln'se  \\<»rks  are  being  carried  on  with  one  plant,  and  arc  being  supplied  Irom  a 
single  base,  it  is  impiactieablo  to  give  the  expenditures  for  each  one  separately  within 
the  time  t\\*'d  for  rendering  this  report,  viz,  October  2(K 
\vv\  le^lM'^•t  fully,  yr)ur  obedient  servant, 

O.  H.  Ernst, 

Major  of  Engineers, 
Lieut.  Col.  C.  J3.  Comstock. 

CovpH  of'  KiifiinrcrHy  U.  S.  A., 

PrvHuUvt  MisHiHsipiA  Itiver  Commission. 


Estiiuattil  nilnv  ot  plant  October  1,  1HH4. 

Steamer  lliiiMphicN ^ $20,663  45 

Steamer  (lillinore  ' 19, 360  25 

LaiUH-h  Homer 224  96 

Launeli  Florene*' 775  00 

Barurs.  bjHgellals 42,098  07 

Pile  (Ins (rs 39,8()7  15 

Quarters,  shops.  iVc 29,571  65 

<^nanei-boiiis 4,713  48 

Skills.  A  ( 7,(K52  18 

TooIn  and  .'ipplianees (5,950  92 

H\draiiiir  .xrjivatrjr ;*>, 825  63 

\Va>s  foT  II  Kit  tresses 4,081  69 

Photogr:i])liie  a])i)aratus 339  51 

Oflico  lnrr.it nre : 905  87 

Surveying  instruments 1, 101  67 

Boarding  outfit 12,692  14 

Total *. 196,833  62 


Appendix  M. 

report  of  the  board  of  engineer  officers  upon  the  allotment  of  funds 
for  the  preservation  and  repair  of  united  states  levees  on  the  missis- 
sippi river. 

United  States  Engineer  Office, 

Memphis f  Tenn.,  August  27,  1884. 

Sir  :  The  Board  of  Engineer  Officers  convened  by  Special  Orders  No.  100,  headquar- 
ters Cori)s  of  Engineers,  United  States  Army,  Washington,  D.  C,  August  11,  1884,  to 
make  recommendations  for  the  division  of  the  remaining  $160,000  of  the  allotment  for 
the  preservation  and  repair  of  levees  among  the  United  States  levees  on  the  Mississippi 
River  needing  repairs  and  completion,  have  the  honor  to  make  the  following  repoit : 

The  Board  met  at  Memphis,  Tenn.,  August  25.  It  consisted  of  Maj.  Amos  otickney 
and  Capt.  (>.  B.  Sears;  Maj.  A.  M.  Miller,  Corps  of  Engineers,  having  been  relieved 
from  the  Board  by  Special  Orders  No.  188,  headquarters  of  the  Army,  Adjutant-Gren- 
eraPs  Office,  Washington,  D.  C,  August  12,  1884. 

The  Board  remained  in  session  three  days,  carefully  considering  the  whole  question 
before  it,  and  listening  to  written  and  verbal  statements  and  petitions  laid  before  it 
by  the  engineers  and  members  of  the  various  State  Levee  Boards  and  representative 
citizens  of  the  various  places  along  the  river  immediately  interested  in  levee  work. 

From  the  best  obtainable  data  it  was  found  that  for  the  repairs  in  United  States 
evees,  to  close  gaps  only,  and  to  provide  for  raising  the  Lake  Concordia  Levee  1  foot, 
made  necessary  by  the  King's  Point  Cut-off,  there  would  be  required  the  following 
lamounts  of  earthwork,  viz : 
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YAZOO  FRONT,   SECOND  DISTRICT. 

Cubic  yard*. 
Garth  and  McCloud  breaks 140, 000 

tp:xsas  fhoxt,  tihkd  district. 

Dufiiu  break 'JO,  (hio 

Panther  Forest 271,000 

Raleigh  to  Willow  Point ls(),000 

Delta  to  Be<lford :24,000 

Total r>0].<H)0 

TKNSA8  FRONT,   FOURTH  DISTRICT. 

Point  Pleasant  breaks 30, 000 

Ship's  Bayou  to  Hard  Times 43,139 

Hardscrnbble  to  Bondurant 177,388 

Kenipe  Levee 108,119 

Lake  Concordia 150,000 

Total 508,646 

A  total  yardage  of  1,149,646  cubic  yards,  estimated  to  cost  (345,000. 
Having  only  9160,000  with  which  to  accomplish  this  work,  the  Boaid  thouffht  best 
to  throw  out  such  breaks  as  could  not  be  tilled  entirely,  and  which  by  being  only 
partially  filled  would  l.>o  of  little  good  by  reason  of  breaks  above  or  below. 

The  Board  recomniends,  therefore,  the  following  division  and  allotment  of  the 
$160,000  :— 

For  preservation  and  roi)airsof  United  Stat-es levees  in  Yazoo  Front,  second diBtrict^ 
$20,000,  provided  th*^  Levee  Board  of  the  first  levee  district  of  Mississippi  is  enabled 
and  will  guarantee  to  cxpeud  $500,000  on  its  levees  in  said  district.  In  case,  however, 
guarantees  for  the  expenditure  of  tliis  amount  are  not  given  by  September  10,  1884, 
or,  in  case  it  be  defiuitely  stated  by  the  Levee  Board  of  said  district,  or  its  engineer, 
before  8aid  date,  that  it  will  bo  unable  to  expend  the  amount  of  $500,000,  then  it  ii 
recommended  that  this  $*iO,000  aforesaid  shall  be  allotted  for  repairs  to  United  States 
levees  in  the  Yazoo  Front,  third  district. 

For  preservation  and  repairs  to  United  States  levees  in  Tensas  Front,  third  distriotb 
$50,000. 

For  preservation  and  repairs  to  United  States  levees,  Tensas  Front,  foorth  district. 
$90,000. 

Amos  Sticknet, 
Major  of  Engineera,  XT.  8.  A. 
CLmroN  B.  Sears, 
Captain  ofEngineen,  U,  &  A, 
The  Chief  of  Engineers,  U.  S.  A., 

Washington^  D,  C 


W    W    2. 

REPORT  FOR  18c^5. 

The  Mississippi  River  Commission, 

President's  Office, 
New  Yorlc,  July  16,  1885. 
Sir:  The  Mississippi  River  Commission  has  the  honor  to  submit  the 
following  report,  embracing  the  subjects  and  subdivisions  specified  be- 
low, to  wit: 

(1)  Progress  of  surveys  and  examinations  from  October  1, 1884,  to 
June  30, 1885. 

(2)  Progress  of  construction  from  October  1,  1884,  to  June  30,  1885. 

(3)  l^lan  and  methods  of  improvement  discussed. 

(4)  The  Atchafalaya  Outlet. 

(5)  Vicksburg  Harbor. 

(6)  Legislation  recommended. 

(7)  Financial  statements  and  estimates  of  funds  for  the  fiscal  year 
ending  June  30, 1887. 

progress  of  surveys  and  examinations. 

The  surveys  and  examinations  undertaken  in  pursuance  of  the  re- 
quirements of  the  third  section  of  the  act  under  which  the  Commission 
was  organized  have  been  continued. 

In  the  last  annual  report,  ])rogress  in  this  branch  of  work  was  noted 
to  October  1,  1884.  From  that  date  to  the  end  of  the  past  fiscal  year 
work  has  been  accomi)lished  in  field  and  office  as  follows : 

Gaugeti, — Daily  readings  have  been  tnken  and  displayed  at  all  stations 
previously  established,  up  to  the  end  of  April  last,  at  which  time  those 
at  Cliff*,  Mo.,  Cottonwood  Point,  Mo.,  Mhoon's  Landing,  Miss.,  Saint  Louis 
Landing,  Ark.,  Saint  Joseph,  La.,  Port  Ilickey,  La.,  and  Plaquemine,  La., 
were  discontinued.  A  lack  of  funds  made  areduction  needful,  and  these 
were  regarded  as  the  least  important  or  the  most  difficult  to  maintain 
in  good  order. 

The  reading  of  the  gauge  at  Biloxi,  established  last  season  for  the 
purpose  of  determining  the  mean  level  of  the  Gulf,  ceased  with  June 
10,  1885,  a  full  year  of  observations  being  obtained. 

Final  topographic  and  hydrography. — The  survey  of  the  river,  with 
marginal  toi)ograi)hy,  which  at  the  date  of  the  last  report  was  complete 
from  Cairo  to  the  Gulf,  and  from  Grand  Tower  to  DeviPs  Island,  was 
prosecuted  from  the  latter  point  and  completed  to  Hacker  Towhead, 
about  25  miles  farther,  when  cold  weather  put  a  stop  to  field  work,  and 
want  of  funds  has  prevented  its  further  prosecution. 

Discharge  ohservafiom, — Six  [)arties,  at  as  many  localities,  were  kept 
in  the  field  from  the  end  of  September,  1884,  till  early  in  April,  1885, 
when  they  were  withdrawn  because  of  lack  of  funds. 

Preparation  of  ma2)s, — Work  on  the  preliminary  chart  (1  inch  to  a 
mile)  has  been  continued.  The  comi)lete  series,  comprising  32  charts, 
has  been  printed,  excepting  the  index  charts,  now  nearly  ready.  Nine 
sheets  of  the  series  on  a  scale  of  1  to  20,000  are  printed.    The  material 
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WORKS    BELOW    CAIRO. 
FIMST  DISTRICT. 

NEW  MADUII)  AND  PLUM  POINT  REACHES,   220  MILES. 

Since  the  last  report  work  in  this  district  has  been  confined  to  the 
Plam  Point  Ecach,  and  hiis  been  conducted  in  accordance  with  the  gen- 
eral  project  described  in  the  report  of  the  Commission  for  1883. 

The  works  of  contraction  at  Gohl  Dust,  Plum  Point,  and  Bullerton 
have  been  repaired  and  extended,  and  foot-mats  have  been  sunk  along 
the  faces  of  the  principal  lines. 

Mattress  work  and  upper  bankrevetment  were  vigorously  prosecuted 
to  the  close  of  the  season  at  Fleteher's  Field,  Osceola  Bar,  Bullerton 
Towhead,  and  Craighead  Point.  The  revetment  work  has  remained 
in  generally  good  condition,  except  at  Craighead  Point,  where,  although 
the  foot  mattresses  appear  to  have  kept  in  place,  the  upper  bank  re- 
vetment has  disapppejired. 

This  last  work  was  undertaken  in  an  emergency  to  protect  a  caving 
bank,  was  prosecuted  under  great  difticulties,  and  was  suspended  before 
completion  when  severe  cold  weather  prevented  the  delivery  of  stone. 
The  general  effect  of  the  contraction  works  in  this  reach  has  been  good, 
the  main  channel  from  Plum  Point  giving  12  feet  depth.  The  deposits 
within  the  areas  inclosed  by  the  dikes  have  continued,  although  there 
has  been  no  rise  of  any  considerable  duration.  Bullerton  Chute  is  fill- 
ing up  rapidly  and  the  average  till  within  the  Plum  Point  lines  is  about 
15  feet.  The  till  within  the  Gold  Dust  system  has  continued,  being  in 
many  places  considerably  above  low  water.  It  is  especially  noted  that 
the  old  channel  cut  off  by  the  main  dike  near  Cross-dike  No.  1  has  closed^ 
changing  from  a  depth  of  33  feet  at  low  water  to  a  height  of  about  12 
feet  above  low  water,  since  October,  1884,  a  fill  of  about  45  feet,  obtained 
mostly  in  one  small  tiood. 

Losses  in  this  district  have  been  confined  chiefly  to  the  earlier  work, 
the  dikes  and  revetments  of  later  construction  having  suffered  but  lit- 
tle damage  when  completed  and  secured  before  floods  sec  in.  The  pres- 
ent value  of  the  plant  used  in  this  district  is  estimated  at  about  8308,000. 
The  expenditures  during  the  time  covered  by  the  report  were  about 
$350,000,  and  the  balance  available  July  I  is  about  $18,000.  Special 
attention  is  invited  to  the  remarks  and  suggestions  in  the  report  of 
Captain  Leach,  to  which,  with  that  of  Assistant  Notly,  retierence  is  made 
for  details.     (Appendices  G  and  G  1.) 

SECOND  DISTRICT, 

MEMPHIS   REACH  AND   HARDOR.    mO  MILES. 

Work  in  this  district  was  confined  to  the  revetment  of  Hopefield 
Bend  and  of  the  caving  bank  of  the  MemphisCityFi-ont,  Congress  hav- 
ing s])ecially  provided  $200,000  for  the  protection  of  Memphis  Harbor* 
The  work  on  the  city  front  consists  of  wide  continuous  mattresses  ex- 
tending from  low  water  to  the  foot  of  the  slope,  250  to  300  feet,  and 
substantial  upper  bank  revetment,  carried  above  high-water  mark.  The 
total  length  of  revetment  is  a'»ont  4,700  feet,  the  submerged  mattresses 
extending  from  the  mouth  of  Wolf  Kiver  about  1,000  feet  down-stream. 
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The  entire  work  has  withstood  the  effects  of  ice  aucfthis  season's  high 
water  and  appears  to  be  secure.  Work  in  Hopefield  Bend  consisted  in 
the  repair  of  breaks,  the  extension  of  the  upper  bank  revetment  for 
about  3,000  feet,  and  construction  and  sinking  of  about  3,000  feet  of  mat- 
tresses 150  feet  wide.  The  work  in  Hopefield  Bend  has  stood  quite 
well.  There  have  been  several  small  breaks  in  the  bank,  due  to  slips, 
and  about  2,000  feet  of  partial  upper  bank  revetment,  built  in  1883,  but 
not  carried  above  high-water  mark,  have  been  lost.  The  continuity  of 
the  foot-mattress  work  appears  to  be  unbroken. 

The  severe  criticisms  that  have  been  indulged  in  concerning  the  Mem- 
phis and  Hopefield  Bend  revetments  do  not  seem  to  be  justified  by  the 
facts. 

The  present  value  of  the  plant  used  in  this  district  is  estimated  at 
about  $97,000.  The  expenditures  m  this  district  during  the  time  covered 
by  the  report,  including  $15,000  for  levees,  were  about  $228,000,  and 
the  balance  available  July  1  is  about  $1,500.  Special  attention  is  in- 
vited to  the  remarks  of  Cai)tain  Leach  on  the  revetment  of  Memphis 
Front,  to  whose  report  and  that  of  Assistant  Kees,  reference  maybe  had 
for  details.     (Appendices  H  and  H  1.) 

THIRD  DISTRICT. 

LAKE   PROVIDENCE  REACH  AND   VICK8BURG  AND   GREENVILLE    HARBORS,   220   MILES. 

Before  this  improvement  was  undertaken  the  navigation  of  Lake 
Providence  Reach  was  i)oor,  the  depth  in  low  water  being  reduced  fre- 
quently to  5  feet. 

The  general  project  consisted  in  preventing  dispersion  by  closing  the 
chutes  and  reducing  the  low- water  width  to  about  3,000  feet  by  the 
construction  of  permeable  dikes  and  the  formation  of  artificial  banks 
by  deposit,  and  the  i)reservation  of  the  natural  curves  of  the  river  by 
revetting  caving  banks.  This  reach  h^s  been  improved  so  that  there 
is  now  a  navigable  depth  of  15  feet  throughout  its  length.  The  greater 
portion  of  the  work  done  in  this  district  since  October  1, 1884,  has  been 
the  extension  of  the  revetment  in  Louisiana  Bend  (Pilcher's  Point),  the 
repair  of  revetment  at  Mayersville,  and  the  revetment  of  Delta  Point, 
Louisiana. 

No  additional  works  of  contraction  were  undertaken,  operations  hav- 
ing been  limited  to  repairs  of  former  work,  the  construction  of  three 
cross-dikes  in  chutes,  and  raising  the  screen  work  on  main  lines.  The 
necessity  for  holding  Louisiana  Bend  and  Delta  Point  has  been  stated 
in  former  reports,  but  is  brietiy  repeated  again  on  account  of  their  im- 
portance. 

The  caving  of  Louisiana  Bend  must  be  prevented  in  order  to  main- 
tain the  improvement  of  Lake  Providence  Reach,  and  Delta  Point  must 
be  held  both  to  maintain  the  regimen  of  the  river  for  considerable  dis- 
tances above  and  below,  and  to  prevent  further  recession  of  the  river 
from  Vicksburg. 

The  ])resent  value  of  the  plant  used  in  this  district  is  estimated  at 
$340,000.  The  expenditures  (including  levees)  during  the  time  covered 
by  this  report  were  about  $447,000,  and  the  balance  available  July  1 
was  about  826,(M)0. 

For  details  reference  is  made  to  the  reports  of  Captain  Sears  and 
Assistant  Hider,  Api)en dices  1  and  I  1. 
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WORKS    BELOW    CAIRO. 
FIRST  DISTRICT. 

NEW  MADRID   AND  PLUM   POINT  REACnES,   220  MILES. 

Since  the  last  report  work  in  this  district  has  been  confined  to  the 
Plnm  Point  Reach,  and  has  been  condncted  in  accordance  with  the  gen- 
eral project  described  in  the  report  of  the  Commission  for  1883. 

The  works  of  contraction  at  Gold  Dust,  Plnm  Point,  and  BuUerton 
have  been  repaired  and  extended,  and  footmatfi  have  been  sunk  along 
the  faces  of  the  principal  lines. 

Mattress  work  and  upper  bank  revetment  were  vigorously  prosecuted 
to  the  close  of  the  season  at  Fletcher's  Field,  Osceola  Bar,  BuUerton 
Towhead,  and  Craighead  Point.  The  revetment  work  has  remained 
In  generally  good  condition,  except  at  Craighead  Point,  where,  although 
the  foot  mattresses  appear  to  have  kept  in  place,  the  upper  bank  re- 
vetment has  disapppeared. 

This  last  work  was  undertaken  in  an  emergency  to  protect  a  caving 
bank,  was  prosecuted  under  great  difficulties,  and  was  suspended  before 
completion  when  severe  cold  weather  prevented  the  delivery  of  stone. 
The  general  effect  of  the  contraction  works  in  this  reach  has  been  good, 
the  main  channel  from  Plum  Point  giving  12  feet  depth.  The  deposits 
within  the  areas  inclosed  by  the  dikes  have  continued,  although  there 
has  been  no  rise  of  any  considerable  duration.  BuUerton  Ohute  is  fill- 
ing up  rapidly  and  the  average  fill  within  the  Plum  Point  lines  is  about 
15  feet.  The  fill  within  the  Gold  Dust  system  has  continued,  being  in 
many  ])laces  considerably  above  low  water.  It  is  especially  noted  that 
the  old  channel  cut  oti'by  the  main  dike  near  Cross-dike  No.  1  has  closed, 
changing  from  a  depth  of  33  feet  at  low  water  to  a  height  of  about  12 
feet  above  low  water,  since  October,  1884,  a  fill  of  about  45  feet,  obtained 
mostly  in  one  small  tiood. 

Losses  in  this  district  have  been  confined  chiefly  to  the  earUer  work, 
the  dikes  and  revetments  of  later  construction  having  suffered  but  lit- 
tie  damage  when  completed  and  secured  before  floods  sec  in.  The  pres- 
ent value  of  the  plant  used  in  this  district  is  estimated  at  about  $308,000. 
The  expenditures  during  the  time  covered  by  the  report  were  about 
$350,000,  and  the  balance  available  July  1  is  about  $18,000.  Special 
attention  is  invited  to  the  remarks  and  suggestions  in  the  report  of 
Captain  Leaeh,  to  which,  with  that  of  Assistant  Notly,  reference  is  made 
for  details.     (Ai)pendices  G  and  G  1.) 

SECOND  DISTRICT 

MKMPIIIS   KKACH  AND   HARBOR.   mO  MILES. 

Work  in  this  district  was  confined  to  the  revetment  of  Hopefield 
Bend  and  of  the  caving  bank  of  the  Memphis  City  Fi-ont,  Congress  hav- 
ing specially  i)rovi(led  8200,000  for  the  protection  of  Memphis  Harbor* 
The  work  on  the  city  front  consists  of  wide  continuous  mattresses  ex- 
tending from  low  water  to  the  foot  of  the  slope,  250  to  300  feet,  and 
substantial  upper  bank  revetment,  carried  above  high- water  mark.  The 
total  length  of  revetment  is  a^ont  4,700  feet,  the  submerged  mattresses 
extendhig  from  the  mouth  of  Wolf  River  about  1,600  feet  down-stream. 
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The  entire  work  has  withstood  the  effects  of  ice  ancTthis  season's  high 
water  and  appears  to  be  secure.  Work  in  Hopefield  Bend  consisted  in 
the  repair  of  breaks,  the  extension  of  the  upper  bank  revetment  for 
about  3,000  feet,  and  construction  and  sinking  of  about  3,000  feet  of  mat- 
tresses 150  feet  wide.  The  work  in  Hopefield  Bend  has  stood  quite 
well.  There  have  been  several  small  breaks  in  the  bank,  due  to  slips, 
and  about  2,000  feet  of  partial  upper  bank  revetment,  built  in  1883,  but 
not  carried  above  high-water  mark,  have  been  lost.  The  continuity  of 
the  foot-mattress  work  a[)pears  to  be  unbroken. 

The  severe  criticisms  that  have  been  indulged  in  concerning  the  Mem- 
phis and  Hopefield  Bend  revetments  do  not  seem  to  be  justified  by  the 
facts. 

The  present  value  of  the  i)lant  used  in  this  district  is  estimated  at 
about  $97,000.  The  expenditures  in  thisdistrictduring  the  time  covered 
by  the  report,  including  $15,000  for  levees,  were  about  $228,000,  and 
the  balance  available  July  1  is  about  $1,500.  Special  attention  is  in- 
vited to  the  remarks  of  Captain  Leach  on  the  revetment  of  Memphis 
Front,  to  whose  report  and  that  of  Assistant  Kees,  reference  maybe  had 
for  details.     (Appendices  H  and  H  1.) 

THIRD  DISTRICT. 

LAKK   PROVIDENCE   REACH   AND   VICK8BURG  AND  GREENVILLE    HARBORS,   220    MILES. 

Before  this  improvement  was  undertaken  the  navigation  of  Lake 
Providence  Reach  was  poor,  the  depth  in  low  water  being  reduced  fre- 
quently to  5  feet. 

The  general  project  consisted  in  preventing  dispersion  by  closing  the 
chutes  and  reducing  the  low-water  width  to  about  3,000  feet  by  the 
construction  of  permeable  dikes  and  the  formation  of  artificial  banks 
by  dei)osit,  and  the  ])reservation  of  the  natural  curves  of  the  river  by 
revetting  caving  banks.  This  reach  h^s  been  improved  so  that  there 
is  now  a  navigable  depth  of  15  feet  throughout  its  length.  The  greater 
portion  of  the  work  done  in  this  district  since  October  1, 1884,  has  been 
the  extension  of  the  revetment  in  Louisiana  Bend  (Pilcher's  Point),  the 
repair  of  revetment  at  Mayersville,  and  the  revetment  of  Delta  Point, 
Louisiana. 

No  additional  works  of  contraction  were  undertaken,  operations  hav- 
ing been  limited  to  repairs  of  former  work,  the  construction  of  three 
cross-dikes  in  chutes,  and  raising  the  screen  work  on  main  lines.  The 
necessity  for  holding  Louisiana  Bend  and  Delta  Point  has  been  stated 
in  former  reports,  but  is  briefly  repeated  again  on  account  of  their  im- 
portance. 

The  caving  of  Louisiana  Bend  must  be  prevented  in  order  to  main- 
tain the  im])rovement  of  Lake  Providence  Reach,  and  Delta  Point  must 
be  held  both  to  maintain  the  regimen  of  the  river  for  considerable  dis- 
tances above  and  below,  and  to  prevent  further  recession  of  the  river 
from  Vicksburg. 

The  ])resent  value  of  the  plant  used  in  this  district  is  estimated  at 
$340,000.  The  expenditures  (including  levees)  during  the  time  covered 
by  this  report  were  about  8447,000,  and  the  balance  available  July  1 
was  about  826,(M)0. 

For  details  reference  is  made  to  the  reports  of  Captain  Sears  and 
Assistant  Hider,  Appendices  1  and  I  1. 
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FOi'Uril  DISTRICT, 

IlAltnOIlS   OK   XATCIIKZ  AND  V'IDAUA   AM>   NKW  OKLEAN'S,  MOUTH  OF   RED   RIVEB  AND 
KKf TIKICAIIOX   UK   1:ED   AM)   ATCllAFAI.AYA  illVKllS,   4^4   MILKS. 

Xo  work  has  Won  doiio  on  the  luirbors  of  Natchez  aiMl  Vulalia  since 
the  (hite  of  the  hist  report  for  want  of  funds. 

The  general  i)hni  let'oininended  by  th<»  otlieer  in  chargfo  in  former  re- 
l)orts  (•()nttMni»hite<l  i)roti-(th>n  «»f  eavin*;-  bends  by  means  of  submerged 
sh)})in«r  spurs  phieiMl  at  intervals  to  be  determined  as  work  pro.irressed, 
bnt  a.ssninrd  at  1,000  fc^t  in  preliminary  estim  ite  of  cost,  which  was 
])laeed  at  8000,000. 

A  K  vce  to  prevent  overflow  of  llu*  neek  between  (liles'  and  Cowpeu's 
ben<ls  was  pro|)osed  at  an  a<lditional  (*ost  of  }?100,000. 

An  estimate  for  mattress  work  and  revetment  instead  of  the  method 
by  spurs  amounted  to  Jr«l,(HO,000. 

Woik  on  the  projection  of  that  part  of  New  Orleans  llarbor  known 
as  (l(^Hldsboro  J>end  by  means  of  sul)merj:ed  si)nrs  was  suspended  in 
November  tor  want  of  funds.  Two  spurs  were  liuished  and  one  about 
half  built.  Nearly  all  the  material,  except  brush,  is  on  hand  for  com- 
pleting the  six  spurs  iu'opt)sed  Ibr  the  ]»rotec'tion  of  this  bend.  The 
sloi)e  of  the  spurs  be;^ins  at  low  water,  and  will  be  varied  as  may  be 
deemed  advisable. 

The  etfect  of  those  now  in  i)lace  cannot  Ixi  determined  until  low  water. 

The  cost  t)f  the  lirst  si)urs  was  about  $12,500  each,  but  new  work  of 
this  kind  is  expected  to  i)e  considerably  less. 

The  revised  estimate  of  the  ollicer  in  charjre  for  the  completion  of 
work  in  New  Orleans  Harbor  on  this  plan  is  S054r,40(). 

Work  in  L*ed  KMver  has  been  limited  to  keepin^c  the  chanuel  open  to 
navigation  between  the  i^Iississippi  and  the  Atchafalaya  by  uicans  of 
tu'i-propellors  and  scrapers.  This  was  not  successful,  except  at  a  point 
near  the  Atchafalava,  where  a  short  bar  i.'xistcd  with  deep  water  above. 
Temporary  spurs  of  willow  brush  were  trietl  alou«i:  one  reach,  and  a 
scraper  suspentled  from  the  bow  of  a  stern-wheel  boat  was  used  at  other 
places. 

The  priisent  value  of  the  plant  used  in  this  district  is  estimated  at 
about  658,000. 

The  exjienditures  during  the  time  covered  by  this  report  were  aboat 
$177,000,  the  balance  available  July  1  bein^^  about  .*1C,000.  For  detaiU 
reference  may  be  had  to  the  rei)orts  of  Major  Stickncy  and  Assistants 
Douy;las,  Wilson,  and  Price,  Appendices  K  and  K  1,  2,  3,  4,  and  5. 

LEVEES. 

iSevond  diHtricf. — No  work  was  done  on  levees  of  the  Yazoo  Front. 
For  the  repair  of  Loufj:  Lake  Ijcvee,  Saint  Frances  Front,  $15,000  were 
allotted,  i)rovi(led  the  district  officer  should  tind  repairs  necessary  for  its 
safety,  the  levc»e  from  Ilelemi  to  the  end  of  Long  Lake  to  be  repaired 
and  completed  before  November  1,  1884,  to  a  grade  2  feet  above  the 
Hood  of  1882. 

The  conditions  were  complied  with,  and  the  work,  amounting  to  aboat 
60,000  cubic  yards  of  embankment,  was  imt  under  contract  and  finished 
in  March,  1885.  Work  was  commenced  at  the  lower  end,  where  there 
were  a  number  of  large  gaps,  the  peojde  living  behind  the  upper  portion 
being  looked  to  for  the  repair  of  that  part. 
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Third  district — Work  consisted  in  closing  gaps  in  the  levees  on  Yazoa 
and  Tensas  fronts,  and  comprised  about  570,000  cubic  yards  of  embank- 
ment. The  work  was  put  under  contract  in  October,  1884,  and  all  com- 
pleted by  April,  1885. 

Fourth  district — Since  the  last  report  work  has  continued  on  Atcha- 
falaya  and  Tensas  fronts,  chiefly  the  latter.  About  9  miles  of  levees 
have  been  built  or  repaired,  closing  40  gaps,  and  requiring  over  300,000 
cubic  yards  of  embankment.  The  intervals  remaining  to  be  closed  in 
this  district  aggregate  about  32  miles. 

The  existing  levees  are  now  in  fair  condition,  but  are  somewhat  de- 
ficient in  height. 

For  details  reference  may  be  made  to  the  reports  of  the  several  dis- 
trict offices.  Appendices  H,  I,  and  K. 

PLAN   AND   METHODS  OF   IMPROVEMENT  DISCUSSED. 

The  Mississippi  River  Commission,  constituted  under  an  act  of  Con- 
gress approved  June  28,  1879,  was  required,  in  addition  to  completing 
the  surveys  then  in  progress  and  making  such  additional  ones  on  the 
Mississippi  River  and  tributaries  as  might  be  deemed  necessary,  to  ma- 
ture such  i)lan  or  i)lau8  as  will  correct,  permanently  locate,  and  deepen 
the  channel  and  protect  the  banks  of  the  Mississippi  River,  improve  and 
give  safety  and  ease  to  the  navigation  thereof,  prevent  destructive 
floods,  and  promote  and  facilitate  commerce  and  the  postal  service,  and 
with  such  plans  to  prepare  and  submit  estimates  of  the  cost  of  execut- 
ing the  work. 

It  was  also  required  under  the  law  to  report  specifically  upon  the 
practicability,  feasibility,  and  probable  cost  of  the  plans  known  as  the  jetty 
■ystem,  the  levee  system,  and  the  outlet  system ;  also  to  submit  plans 
and  estimates  of  cost  of  such  immediate  works  as,  in  the  judgment  of 
the  Commission,  may  constitute  a  part  of  the  general  system  of  works 
contem])lated. 

The  first  report  of  the  Commission,  dated  February  17,  1880,  dis- 
cussed the  jetty  system,  the  levee  system,  and  the  outlet  system,  and 
recommended  a  plan  of  improvement  which  contemplates  the  concen- 
tration of  the  waters  of  the  river  as  the  principal  agent  in  securing  the 
needed  improvement,  and,  briefly  stated,  the  general  and  well-known 
principles  on  which  the  opinions  of  the  Commission  were  based. 

The  outlet  system,  by  which  a  portion  of  the  flood  waters  of  the  river 
would  be  drawn  off  and  conveyed  through  shorter  routes  to  the  Crulf* 
being  one  of  diffusion  and  waste,  and  having  very  little  in  the  way  of 
either  theory,  experience  or  observation  to  recommend  it,  was  unani- 
mously rejected  by  the  Commission  for  reasons  set  forth  in  the  report. 

The  levee  system  and  the  degree  to  which  levees  might  prudently  be 
relied  on  as  auxiliaries  to  a  plan  of  improvement  based  on  the  concentra- 
tion of  the  river  waters  was  carefully  considered.  It  was  the  opinion 
of  a  majority  of  the  Commission  that  in  time  of  bank  overflow  "  levees 
exert  a  direct  action  in  deepening  the  channel  and  enlarging  the  bed  ot 
the  river";  that  *'  they  are  regarded  as  a  desirable  though  not  a  neces- 
sary adjunct  in  the  general  system  of  improvement  submitted";  that 
**  they  are,  ui)ou  a  large  portion  of  the  river,  essential  to  prevent  de- 
struction of  life  and  property  by  overflow;"  that  "they  give  safety  and 
ease  to  navigation,  and  promote  and  facilitate  commerce  and  trade  by 
establishing  banks  or  landing  i)laces  above  the  reach  of  floods,  upon 
which  produce  can  be  placed  while  awaiting  shipment,  and  where  steam- 
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boats  and  other  river  craft  can  land  in  times  of  high  water'';  that  "the 
closnre  of  crevasses  will  accomplish  the  removal  of  shoals  cause<l  by 
them";  and  that  *Mt  is  believed  that  the  repair  and  maintenance  of  the 
extensive  lines  already  existing  will  hasten  the  work  of  channel  im- 
provement through  the  increased  scour  and  depth  of  river-bed  which 
they  would  produce  during  the  high-river  stages.''  A  rough  estimate  of 
the  cost  of  closing  the  breaks  in  the  then  existing  levees  was  submitted 
with  the  first  report. 

The  plan  of  improvement  recommended  was  discussed  at  some  length 
in  general  terms,  beginning  with  the  general  statement  that  '^tbe  bad 
navigation  of  the  river  is  produced  by  the  caving  and  erosion  of  its 
banks,and  the  excessive  widths  and  the  bars  and  shoals  resulting  di- 
rectly therefrom."  Further  on  the  rei>ort  said:  "  It  would  seem,  there- 
fore, that  the  plan  of  improvenient  must  comprise  as  its  essential  feat- 
ures the  contraction  of  tiie  water-way  of  the  river  to  a  comparatively 
uniform  width,  and  the  ]K'otection  of  caving  banks":  and, again,  "  wher- 
ever necessary,  the  new  bank  must  be  protected  oy  a  mattress  reve^ 
ment,  or  some  equivalent  device";  and,  again,  ''as  a  general  rule,  the 
channel  should  be  fixed  and  maintidcied  in  its  present  location." 

In  the  Commission's  tliird  report,  dated  November  26, 1881,  it  was 
stated,  without  dissent  or  qualification  from  any  member,  that ''  the 
bank  revetments  are  intended  not  only  to  stop  the  constant  and  in 
some  localities  very  rapid  enlargement  produced  by  erosion  and  caving 
of  bends,  but  in  addition  thereto  to  check  the  growth  of  bars  and  shoalB 
below  by  accretions  supjilied  directly  therefrom." 

The  plan  submitted  by  the  Board  of  Engineers  on  the  improvement 
of  the  low-water  navigation  of  the  river  below  Cairo,  in  their  report  of 
January  25,  1879  (House  Ex.  Doc.  No.  41,  Forty  fifth  Congress,  third 
session),  in  which  they  recommended  ''that  the  improvement  be  effected 
by  narrowing  the  shoal  and  wide  portions  of  the  low-water  river  to 
about  .'i,500  feet,  and  by  protecting  caving  banks  where  necessary,"  was 
unanimously  adopted  by  the  Commission  for  the  initial  works,  and  esti- 
mates and  plans  were  given  for ''  works  of  channel  contraction  and  bank 
protection  "on  six  reaches  of  bad  navigation  below  Cairo,  of  an  aggregate 
length  of  about  200  miles.  In  the  report  the  cost  of ''  works  for  contract- 
ing the  channel"  and  ''works  for  protecting  the  banks"  was  lumped 
together.  The  minutes  of  the  proceedings  of  the  Commission  show, 
however,  that  a  detailed  estimate  for  each  of  the  six  reaches  was  pre- 
pared by  a  committee,  presented  to  the  Commission,  and  discussed  and 
adopted  without  recorded  dissent,  all  the  members  being  present.  In 
that  estimate  the  works  for  bank  protection  on  the  six  reaches  were 
coin)>uted  to  cost  four  and  half  times  as  much  as  the  works.for  channel 
contraction.  On  the  Plum  Point  and  Lake  Providence  reaches,  the 
only  i)ortion8  of  the  river  below  Cairo  on  which  works  for  the  improve- 
ment of  the  channel  have  been  undertaken,  the  works  of  bank  revet- 
ment were  estimated  to  cost  nearly  four  and  a  half  times  as  much  as  the 
contraction  works. 

The  i>lan,  therefore,  contemplates  the  closing  of  outlets,  both  low- 
river  outlets  and  crevasses ;  the  contraction  of  the  water-way  of  the 
river  where  the  widths  are  excessive  sind^the  navigation  bad;  and  the 
maintenance  of  the  banks.  In  the  execution  of  the  plan  thus  briefly 
outlined,  and  in  strict  accordance  with  its  original  intent,  and  for  no 
other  object  or  purpose,  the  money  appropriated  by  Congress  has  been 
expended. 

The  total  cost  of  works  of  bank  revetment  and  channel  contraction 
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actually  executed  by  the>^  Commission  between  Cairo  and  Vicksburg, 
from  the  time  it  assumed  charge  to  June  30, 1885,  has  been  as  follows: 

Works  for  "  protecting  the  banks" ^ $2,240,000 

Works  for  "  contracting  the  chanael" 2, 500, 000 

This  Statement  includes  the  first  cost  of  plant,  less  its  present  value, 
and  includes  also  the  cost  of  it«  maintenance  to  June  30,  1885.  It  also 
includes  the  cost  of  all  work  doue  in  the  Plum  Point  and  Lake  Provi- 
dence reaches;  also  the  cost  of  the  special  work  put  in  for  the  protec- 
tion of  Memphis  and  Vicksburg  harbors,  all  of  which  was  bank  revet- 
ment. The  works  of  bank  protection,  or  bank  revetment,  have,  there- 
fore, cost  a  little  less  than  the  works  for  channel  contraction,  instead  of 
about  four  and  a  half  times  as  much  which  was  the  original  and  unani- 
mous estimate  of  the  Commission. 

A  very  considerable  portion  of  the  sum  expended  for  bank  revetment 
was  designed  to  give  protection  to  certain  sites  and  harbors— Memphis, 
Vicksburg,  and  others.  These  harbors  were  given  in  charge  of  the 
Commission  at  a  later  period,  and  some  of  them  required  special  and 
prompt  treatment.  If  Delta  Point  had  not  been  held  by  revetting  its 
banks  with  mattresses  at  considerable  cost,  the  city  of  Vicksburg  would 
long  before  now  have  been  practically  an  inland  town,  entirely  cut  off 
from  the  river.  At  Memphis  great  values  were  also  put  in  jeopardy  by 
a  rapidly  caving  bank,  which  threatened  to  carry  off  a  portion  of  the 
city.  Bank  revetment,  as  ofiferin^  the  only  possible  means  of  arresting 
the  danger,  was  successfully  applied  in  this  case,  although  a  portion  of 
the  work  first  put  down  was  carried  away,  the  loss  of  work  put  in  by 
the  Commission  on  both  sides  of  the  river  amounting  to  17§  per  cent,  of 
its  cost 

It  has  been  claimed  that  the  caving  of  banks  should  be  arrested  by 
works  of  channel  contraction  at  the  wide  places  above,  and  much  un- 
warranted stress  seems  to  have  been  laid  upon  a  hypothetical  discus- 
sion introduced  into  the  first  report  of  the  Commission,  where  it  is 
stated  theoretically  that  ^^  uniform  depth  joined  to  uniform  width — that 
is  to  say,  uniformity  of  effective  cross  section — implies  uniform  velocity, 
and  this  means  that  there  will  be  no  violent  eddies  or  cross-currents, 
and  no  great  and  sudden  fluctuations  in  the  silt-transporting  power  of 
the  current."  But  it  is  nowhere  asserted  in  that  report,  nor  is  it  be- 
lieved by  the  Commission,  that  uniform  depth,  or  any  very  near  ap- 
proach to  it,  is  practically  attainable  upon  the  Mississippi  River,  or 
upon  any  large  silt-bearing  stream  flowing  through  an  alluvial  bed 
and  having  a  difference  of  45  to  50  feet  between  its  high  and  low  water 
stages.  In  its  low  stage  the  obstructed  portions  of  the  river  present  a 
series  of  shallow  crossings  or  bars,  where  the  width  is  excessive  and 
upon  which  there  is  frequently  only  about  6  to  10  feet  depth  of  water, 
alternating  with  concave  bends,  where  there  are  depths  of  80  feet,  and 
in  some  places  of  90  to  95  feet  and  upwards.  The  scour  Induced  by 
works  of  improvement  at  the  wide  places  will  doubtless  deepen  the 
channel  across  the  bars  to  15  or  20  feet,  leaving  the  depths  in  the  bends 
substantially  unchanged,  so  that  the  full  measure  of  approach  to  uni- 
form depth  attained  by  these  results  consists  in  this,  that  where  there 
formerly  existed,  as  between  the  deep  bends  and  the  shallow  bars,  a 
difference  ranging  from  70  to  90  feet  in  depth,  there  now  exists,  after 
the  improvement,  a  ditt'erence  of  60  to  80  feet  or  more.  This  represents 
an  amelioration  of  former  conditions,  which,  although  sufiicient  for  pur- 
poses of  navigation,  is  evidently  too  small  to  affect  in  any  considerable 
degree,  or  perhaps  in  any  sensible  degree,  the  cross-currents,  eddieSy 
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and  fluctaations  of  velocity  resultiug  from  coustantly  varying  depths* 
It  would  seem,  tlierefore,  that  stability  of  banks,  as  the  result  of  such 
uniformity  of  depth  as  can  be  secured  by  works  of  coutractiou,  is  prac- 
tically unattaiuable.  For  this  reason  the  plan  of  improveraeut  coutein- 
plated  a  liberal  use  of  bank  revetment,  roughly  estimated  to  cost  more 
than  four  times  as  much  as  the  corresponding  works  of  channel  con- 
traction. 

It  may  be  stated  that  it  is  not  the  intention  nor  has  it  been  the  prac- 
tice of  the  Commission  to  protect  a  bank  by  revetment  merely  because 
it  is  caving.  Other  considerations  must  govern  t)iis  question.  Bat 
where  an  imminent  danger  threatens  the  immediate  destruction  of  in- 
terests of  great  value — as,for  example,  where  a  caving  bend  is  about  to 
take  in  flank  and  carry  away  costly  works  of  improvement  or  produce 
a  disastrous  cut-off,  or  where  a  city's  river  front  is  to  be  maintained^  as 
at  Vicksburg,  or  a  portion  of  the  city  itiH)lf  to  be  protected  against  un- 
dermining, as  at  Memphis — then  it  is  believed  to  be  imperative  that  the 
local  remedy  of  holding  the  banks  intact  by  a  mattress  revetment  or 
other  equivalent  device  should  be  ado])ted. 

For  a  somewhat  extended  discussion  of  the  phenomena  of  velocity, 
sediment  transportation,  and  bank  erosion,  and  the  mutual  relations 
among  them,  with  pertinent  tables  and  other  data,  reference  is  made  to 
a  ])aper  by  Commissioner  B.M.  Harrod,  hereto  annexed  as  ApiiendixB. 

The  money  percentage  of  damage  and  loss  in  works  constructed  under 
the  direction  of  the  Commission  from  the  time  of  its  organization  to 
June  30, 1885,  between  Cairo  and  New  Orleans,  is  about  as  follows,  the 
figures  being  above  rather  than  below  the  exact  percentage : 

Fer  oenlof  eoft 

Damage  to  workH  of  channel  contraction .* 2S 

Damage  to  works  of  bank  protection SS 

Aggregate  damage  to  both  classes  of  work M 

The  foregoing  includes  the  cost  of  maintenance  of  plant,  and  also  its 
original  cost  less  its  present  value.  The  varying  methoils  of  doing 
work,  the  frequent  interchange  of  labor  and  materials  between  different 
points,  and  the  difficulty  of  maintaining  a  well-arranged  system  of  re- 
cording losses  have  rendered  great  precision  unattainable.  As  a  mat- 
ter of  precaution,  outside  figures  are  given. 

It  is  in  view  of  serious  misapprehensions  touching  the  original  plan 
and  recommendations  of  the  Commission  which  have  come  to  its  notice. 
that  it  has  been  thought  proper  to  make  this  somewhat  extended  ref- 
erence to  the  place  which  the  work  of  bank  protection  had  in  that  plan, 
and  to  the  amount,  cost,  and  etiiciency  of  the  work  of  that  kind  which 
has  been  done. 

THE  ATCHAFALAYA  OUTLBT. 

The  apprehension  which  has  prevailed  to  some  extent  that  the  Mis- 
sissippi River  may  at  any  time,  and  probably  will  at  an  early  day  if  left 
to  itself,  suddenly  break  through  into  the  Atchafalaya,  and  thereafter 
make  that  stream  its  principal  route  to  the  Gulf,  has  never  been  shared 
by  the  Commission  in  the  sense  that  the  danger  is  imminent  and  not 
subject  to  easy  control.  Tlicre  has  been  no  enlargement  of  Li^wer  Old 
River  between  the  Mississippi  and  the  head  of  the  Atchafalaya,  and 
no  a])|)arent  tendency  to  enhtrgement.  On  the  contrary,  more  or  less 
dredKii»^  has  beiMi  necessary  every  year  to  keep  the  passage  open  for 
the  class  of  steamers  navigating  those  waters,  and  even  dredging  failed 
to  maintain  the  channel  during  the  low-water  stage  of  18^  and  all 
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ateamboatin^  on  that  route  was  suspended  for  several  weeks.  At  the 
close  of  the  fiscal  year  ending  June  30,  1885,  considerable  shoaling  was 
reported  by  the  engineer  officer  in  charge.  The  Couiiuission  has  not 
failed,  however,  to  recognize  the  fact  that  there  is  danger  that  in  the 
event  of  a  prolonged  concurrence  of  high  water  in  the  Mississipoi  and 
low  water  in  the  Red,  the  existing  outlet  might  be  gradually  enlarged 
to  a  capacity  sufficient  to  discharge  a  large  portion  of  the  main  stream, 
thus  adding  to  the  cost  of  any  plan  of  works  or  method  of  treatment  that 
might  finally  be  adopted  for  that  locality,  whether  designed  to  close  it 
as  an  outlet  or  to  convert  it  into  a  tributary. 

In  its  last  report,  dated  December  19, 1884,  the  Commission  submitted 
a  "  plan  for  the  rectification  of  the  Red  and  Atchafalaya  rivers  by  pre- 
venting further  enlargement  of  the  latter  stream  and  restricting  its  out- 
let capacity."  The  plan  comprised  a  series  of  six  low  dams  in  the  Atcha- 
falaya, to  be  subsequently  connected  with  high  levees  across  the  head 
of  the  Atchafalaya  Basin.  A  low-water  dam  to  be  placed  in  Lower 
Old  River,  between  the  Atchafalaya  and  the  hea<l  of  TurubulPs  Island, 
was  also  suggested,  having  its  crest  10  feet  higher  thati  the  obstructions 
iu  Ui>per  Old  River,  in  order  to  deflect  the  Red,  when  below  that  level 
through  the  last-named  channel. 

The  present  recommendation  is  restricted  to  the  low  dams  in  the 
Atchafalaya,  which,  in  the  judgment  of  the  Commission,  should  be  be- 
gun by  laying  at  least  the  sill-courses  for  all  of  them  as  soon  as  the 
stage  of  water  will  permit  after  funds  shall  have  been  provided  for 
that  purpose.  Any  modification  of  the  details  of  the  plan  which  may 
seem  to  be  desirable  will  of  course  be  made.  The  rapidity  with  which 
the  dams  shall  be  raised  to  greater  height  will  be  made  the  subject  of 
careful  study.  All  questions  connected  with  the  adjacent  high-grade 
levees  on  either  side,  and  with  the  low-water  dam  in  Lower  Old  River 
above  the  Atchafalaya,  ^ill  be  held  in  abeyance  for  the  present  and 
made  the  subject  of  further  recommendations. 

VICKSBURa  HARBOR. 

It  is  desirable  that  a  moderate  portion  of  the  first  appropriation  that 
shall  become  applicable  to  that  purpose  shall  be  expended  upon  the 
initial  works  of  a  plan  having  for  its  object  the  gradual  restoration  of 
the  harbor  of  Vicksburg  to  or  in  the  direction  of  its  former  condition, 
in  such  measure  at  least  as  shall  give  a  portion  of  the  city  a  water  front 
at  the  low  river  stage.  This  will  be  attempted  by  such  works  of  con- 
traction and  defiection,  located  at  suitable  ])oints  above  as  shall  ulti- 
mately effect  a  diversion  of  the  main  body  of  the  stream  to  the  Vicks- 
burg side  and  a  recession  of  the  shore-line  above  the  city,  by  the  usual 
process  of  erosion  and  caving.  An  early  effect  will  be  to  relieve  the 
pressure,  ^and  therefore  put  a  stop  to  expenditures  at  Delta  Point.  If 
the  restoration  of  a  navigable  low  river  front  to  a  portion  of  the  city  of 
Vicksburg,  at  a  reasonable  cost,  is  practicable,  it  will  require  several 
years  for  its  final  consummation  in  the  manner  proposed. 

LEGISLATION. 

The  Commission  renew  the  recommendation  heretofore  made  that  pro- 
vision be  made  by  law  for  the  appropriation  by  the  United  States, 
through  proceedings  in  the  Federal  court,  of  land  and  material  needed 
in  the  work. 

On  this  point  reference  is  made  to  the  suggestions  of  the  report  for 
1883,  without  repeating  them  here. 
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The  atteutioQ  of  CoDgress  is  further  invited  to  the  losses  to  assistant 
engineers  mentioned  in  the  secretary's  report,  Appendix  O,  of  personal 
property,  such  as  clothing,  books,  &e.,  incurred  by  the  sinking  of  a 
survey-boat  while  being  towed  from  one  locality  to  another.  These 
losses  falling  upon  persons  dependent  upon  their  salaries  are  of  mnch 
importance  to  them,  and  being  incident  to  the  service  upon  which  they 
were  engaged,  and  entirely  beyond  their  control,  reimbursement  would 
be  just  and  proper. 

FINANCIAL  STATEMENT. 

Appropriation  for  salaries  and  egpeiises  Mississippi  Biver  CJomfi^istion,  aet  ofJuljf  7, 1884. 

Appropriated  by  act  of  July  7,  1884 $75,000  00 

Balance  OD  hand  December  1,  1884 I>9,356  74 

Expended  from  December  1,  1884,  to  June  30,  1885 36,634  50 

Balance  on  hand  July  1,  1885 2-i,781  94 

Appropriation  for  surveys  of  Mississippi  River,  aot  of  July  5, 1884. 

Amount  appropriated |75,000  00 

Balanc0on  band  December  1,  1884 49,463S8 

Expended  from  December  1, 1884,  to  June  30,  1885 33,314  71 

Balance  on  hand  July  1,  1885 16,148  57 

Appropriation  for  Improving  Mississippi  River,  acts  March  3,  1881,  Aupui  2,  1H88,  mJ 

January  19  and  July  5,  1884. 

Total  available  October  1,  1884,  for  Improving  MiBsissippi  River 92,031,763  91 

Reverted  to  Treatjury $123  42 

Transferred  to  sna^r.boat  service 5, 000  00 

5, 123  4» 

Balance 2,026,630  49 

Received  from  sale  of  fuel 179  57 

Total 2,026.810  05 

Expended '. 1,636,832  01 

Balance  available  July  1, 1885,  to  meet  liabiliti  es  and  to  carry  on  work 

under  the  Mississippi  River  Commission 389, 978  05 

The  estimates  of  fuuds  for  fiscal  year  1886,  which  were  transmitted 
to  the  honorable  the  Secretary  of  War  on  July  26,  1884,  are  here  re- 
peated : 

BSTIMATK  OF   FUNDS   FOR  THE  MISSISSIPPI  KIVRR  COMMISSION  FOR  TUB  FISCAL  TXAB 

ENDING  JUNE   30,  1887. 

liiver  and  harbor  bill. 

For  contimiatiou  of  8iirv«\v.s  of  the  MiHsissippi  Rivor  between  the  Head  of 
the  PassoN,  near  itN  month,  and  its  lieadwaters,  now  in  progress;  to  make 
additional  surveys  and  cKaniinations  of  Haid  river  and  itstribat-aries;  to 
make  Huch  a<iditionaI  examinations  and  investi^atioiiR,  topographical, 
hydro;j;rai>]ucal,  hydrometrical,  as  are  necessary  for  maturing  a  plan  for 
the  permanent  improveinu-nt  of  tlie  entire  river $100,000 

Sundry  civil  hill. 

For  8al:iri<'s  and  traveling  expenses  of  the  MiRsiHsi))pi  Uiver  Conimission, 
and  for  salaries  and  traveling  ex))enses  of  assistant  engineers  under  them, 
and  for  otlicu  expenses  and  contingencies $100,000 
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The  following  estimate  of  funds  for  works  of  improvement  for  the 
fiscal  year  ending  June  30,  1887,  are  submitted  : 

ESTIMATES  OF  FUNDS   FOR  THE    IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  FOR  THB 

FISCAL  YEAR  ENDING  JUNE  30,    18ti7. 

For  continuing  the  Improvement  of  the  MisRissippi  River  from  Des  Moines 
Rapids  to  the  mouth  of  the  Illinois  River $500, 000 

For  continuing  the  improvement  of  the  Mississippi  River  from  the  mouth 
of  the  Illinois  River  to  Cairo,  111 1,000,000 

For  continuing  the  improvement  of  the  Mississippi  River  from  Cairo,  111.,    . 
to  the  Head  of  the  Passes,  including  the  improvement  of  the  Red  River 
at  and  below  the  head  of  the  Atchafalaya ' 5, 000, 000 

The  names  of  a  large  number  of  harbors  were  inserted  in  the  river 
and  harbor  bill,  with  a  view  to  their  improvement :  but  as  the  amount 
appropriated  was  far  short  of  the  estimates  of  the  Commission,  tboy  did 
not  feel  justified  in  taking  up  this  work  except  at  Memphis,  where  the 
act  specified  the  amount  to  be  expended,  and  at  Vicksburg,  where  re- 
pairs  were  needed  to  work  already  done.  The  Commission  have,  how- 
ever, prepared  the  following  separate  estimates  for  such  work  at  these 
places  as  seems  necessary  to  accomplish  the  objects  proposed,  and  these 
estimates  are  submitted  to  Congress  for  such  action  as  tbey  may  deem 
proper,  it  being  the  desire  of  the  Commission,  if  Congress  decides  that 
any  or  all  of  this  work  be  undertaken,  that  they  will  specify  the  locali- 
ties and  the  amount  to  be  expended  at  each. 

For  improvement  of  the  following  harbors : 

Columbus,  Ky |80, 000 

Hickman,  Ky 270,000 

Memphis,  Tenn 75,000 

Greenville,  Miss 186,000 

Vicksburg,  Miss 20,000 

Natchez,  Miss 700,000 

New  Orleans,  La 683,600 

Total 2,014,600 

Q.   A.   GiLLMORE, 

Colonel  Engineers^  Bvt.  Maj.  Oen,,  U.  8.  A., 

President  Mississippi  River  Commission^ 

Chas.  R.  Suter, 
Major  of  Engineers^  U.  .S.A 
Henry  Mitchell, 
Coast  and  Geodetic  Survey^ 
B.  M.  Harrod. 
R.  IS.  Taylor. 
8.  W.  Ferguson. 
To  the  Hon.  the  Secretary  of  War. 
(Through  the  Chief  of  Engineers.) 

While  I  generally  concur  in  what  is  said  in  the  foregoing  report,  I 
wish  to  add  a  few  words  by  way  of  enlargement. 

The  cost  of  im])roving  the  Mississippi  River  in  the  manner  and  to 
the  extent  contemplated  will  doubtless  considerably  exceed  the  esti- 
mate formerly  submitted  by  tbe  Commission.  For  this  there  are  two 
reasons  principally:  First,  that  it  has  been  found  necessary  to  make 
use  of  stronger  and  firmer,  and  therefore  more  expensive,  methods  of 
construction  than  those  u])on  which,  from  a  want  of  experimental 
knowledge,  that  estimate  of  cost  was  based ;  and,  second,  that  the  per- 
centage of  loss  from  tioods  has  exceeded  what  was  formerly  thought  to 
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be  a  fair  allowance  for  this  contingency.  Much  of  this  loss,  however, 
would  luive  been  spared  bad  the  stronjjer  methods  of  construction  been 
resorted  to  at  an  earlier  day,  and  future  loss  from  this  canse  may  there- 
fore in  some  measure  be  avoided.  In  other  respects,  also,  the  exi>eri- 
ence  gained  in  the  application  of  new  and  untried  devices  cannot  fail 
to  tend  ill  the  direction  of  economy. 

There  seems  to  be  no  just  ground  for  apprehension  that  the  ultimate 
cost  of  this  improvement  will  be  inordinately  gi*eat,  or  will  exceed  what 
the  Government  will  be  fully  justified  in  expending  ui>on  a  great  national 
work,  in  the  success  of  which  so  large  and  so  varied  interests  are  in- 
Tolved.  In  order,  however,  that  the  increased  depths  already  secured 
upon  two  reaches  of  bad  navigation  may  be  utilized  or  made  of  some 
practical  value,  the  improvement  should  be  extended  up-stream  and 
«down.  Indeed,  it  cannot  be  said  that  the  navigation  has  receivetl  any 
practical  benefit  whatever  so  long  as  the  improvements  are  restricted 
to  localities  hemmed  in  by  bad  river  above  and  below. .  It  might  be 
1i)etter,  were  no  mi<ldle  course  left  open,  to  spread  each  appropriation 
judiciously  over  all  the  six  reaches  of  ba<l  navigation  selected  for  im- 
provement below  Cairo,  adding  a  little  each  year,  if  practicable,  to  the 
^available  depths  on  the  worst  bars,  than  to  confine  the  work  to  the 
Plum  l*oint  and  Lake  Providence  readies,  as  heretofore,  even  if  the 
low  river  navigation  of  these  two  localities  should  be  rapidly  deepened 
to  20  feet,  and  the  feasibility  of  the  Commission's  plan  thereby  fally 
deniion  St  rated.  The  objective  point  is  the  nnprovement  of  the  river, 
and  n>t  the  vindication  of  the  agents  employed  on  the  work,  except  as 
means  to  an  end. 

With  regard  to  the  estimates  submitted,  the  Commission  does  not 
recommend  that  the  sum  of  $2,014,600  should  be  appropriated  for  the 
seven  harbors  named,  viz,  Columbus,  Ilickman,  Memphis,  Oreenville, 
Yicksburg,  Natchez,  and  New  Orleans.  That  sum  is  named  as  the  ag- 
gregate cost  of  works  of  protection  at  those  localities,  as  set  forth  in  the 
last  annual  report  of  the  Commission,  bearing  date  December  19,  IMSi 
In  that  list  the  sum  of  $20,000  set  down  for  Vicksburg  was  intended 
exclusively  for  the  maintenance  of  the  Delta  Point  revetment. 

In  the  leport  now  submitted  a  special  method  of  treatment  for  Vicks- 
burg  Harbor  is  described,  and  I  recommend  that  the  sum  of  $50,000 be 
set  apart  by  Congress  for  beginning  this  work. 

With  regard  to  tiie  conditions  existing  at  the  Red  and  Atchafalaya 
rivers,  the  work  to  be  done  there  will,  or  should,  have  for  its  object  the 
gradiml  contraction,  and  perhai>s,  finally,  the  complete  closure,  of  the 
latter  as  an  outlet  of  the  Mississippi.  Whether  the  treatment  ahould 
be  (*.airied  further  than  this,  to  the  extent  of  making  the  Red  Rivera 
tributary  of  the  Mississippi,  by  the  construction  of  a  high  dam  across 
the  head  of  the  Atc^hafalaya  River  and  basins,  thus  cutting  oft*  the  latter 
stream  from  the  navigation  of  the  Red  and  Mississippi  rivers,  is  a  ques- 
tion involving  considerations  of  very  great  moment.  Foriunately  its 
determination  at  the  present  time  is  not  imperative,  as  the  works  neces- 
sary for  its  accomplishment  naturally  follow  in  onler  of  time,  those 
which  may  be  built  for  simply  contracting  the  outlet  or  preventing  its 
enlargement. 

By  the  j)rinciples  enunciated  as  the  basis  of  its  plan  of  improvement 
the  Commission  is  distinctly  committed  to  the  idea  of  closing  all  outlets 
as  part  of  that  plan,  both  low  river  outlets  and  breaks  in  the  levees,  and 
it  has  consistently  opposed  the  fallacy  known  as  the  "outlet  system,'' 
because  it  stands  in  sharp  antagonism  to  those  principles  and  to  all  the 
fundamental  laws  of  hydraulics.    When  the  Atchafalaya  shall  cease  to  be 
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an  outlet,  the  discharge  of  the  Mississippi  below  the  moath  of  Red  River 
will  be  increased  about  40  to  50  per  cent,  by  the  addition  of  the  volume 
now  abstracted  by  the  outlet.  How  long  a  time  roust  necessarily  elapse 
before  the  river,  by  a  gradual  enlargement  of  its  bed,  will  be  able  to  re- 
tain within  the  existing  levees  and  safely  carry  off  this  increased  vol- 
ume, is  largely  a  matter  of  conjecture.  That  it  would  do  so  in  time  will 
doubtless  be  very  generally  conceded  by  engineers  who  are  familiar 
with  the  character  of  the  deposits  which  have  to  be  scoured  away.  Mr. 
Eads  estimates  that  six  years  should  be  allowed  for  completely  closing 
the  head  of  the  Atchafalaya  Basin  by  such  high  works  as  will  divert  all 
the  Red  River  flow  into  tlie  Mississippi.  While  I  am  not  prepared  to 
say  that  this  interval  of  time  would  not  suffice,  it  would  certainly  be 
prudent  to  make  it  longer  ;  for  there  might  beau  uninterrupted  succes- 
sion of  moderate  floo<ls  for  four  or  five  years,  which  would  not  overflow 
the  banks  even  with  the  increasing  additions  due  to  the  closure  works 
in  progress.  If  there  should  then  occur  a  large  flood  when  the  works 
were  nearly  finished,  the  bed  of  the  river  would  not  be  in  condition  to 
carry  it  off,  and  very  disastrous  consequences  might  ensue,  more  espe* 
dally  if  both  the  Mississip))i  and  the  Red  were  in  flood  at  the  same  time. 
Bat  whatever  interval  of  time  may  be  allowed  for  the  construction  of 
the  closing  works,  and  the  gradual  enlargenient  of  the  river-bed,  the 
levees  below  Red  River  should  be  carefully  maintained  during  that 
time  to  their  full  height,  strengthened  wherever  weak,  and  all  breaks 
occurring  therein  promptly  closed.  As  there  are  no  portions  of  the 
river  where  levees  sustain  relations  to  the  general  plan  of  improve- 
ment more  important  than  those  which  obtain  in  these  lower  reaches, 
so  there  are  none  where  their  importance  is  more  likely  to  be  underes- 
timated or  even  entirely  overlooked,  for  the  reason  that,  the  lower-river 
channel  being  at  all  times  sufficiently  deep  for  purposes  of  navigation, 
levees  do  not  suggest  themselves  at  all  as  a  meaifs  of  improvement  be- 
low Red  River.  The  essence  of  the  whole  matter  is  apt  to  be  lost  sight 
of,  that  they  are  required  below  for  the  benefit  of  the  river  above,  and 
that  they  are  valuable  in  proportion  as  they  help  to  enlarge  the  river 
bed,  facilitate  the  discharge  of  the  floods,  lower  the  flood  heights,  lessen 
the  difference  between  high  and  low  river,  and  thereby  ameliorate  and 
simplify  all  the  difficulties  of  improvement.  Indeed,  were  it  necessary 
to  omit  the  maintenance  of  levees,  as  an  auxiliary  means,  on  any  por- 
tion of  the  stream,  they  might  better  be  omitted  above  than  below  Red 
River.  Were  it  possible  to  enlarge  the  bed  of  the  river  to  a  capacity 
that  would  be  sufficient  to  carry  off'  the  flood-waters  without  any  rise 
above  the  tide-level  as  far  up  as  Red  River,  which  would  be  practically 
extending  the  Ciulf  more  than  300  miles  up-stream,  there  would  then 
be  no  greater  difference  between  high  and  low  river  at  that  point  than 
that  due  to  the  tidal  oscillations,  while  for  fully  200  miles  higher  up  the 
largest  floods  would  doubtless  be  retained  within  the  natural  bed. 
Works  of  improvement  below  Red  River,  of  whatever  character,  are 
valuable  as  such  only  so  far  as  they  tend  to  the  development  of  these 
conditions — that  is,  only  so  far  as  they  aid  in  securing  an  enlarged  local 
water-way.  The  general  benefits  to  which  reference  has  been  made  will 
be  certain  to  follow  in  due  proportion. 
Respectfully  submitted. 

Q.   A.   GiLLMORE, 

Colonel  Engineers^  Brevet  Maj,  Oen,^  U,  S.  A., 

President  Mississippi  River  Commission. 

The  Hon.  the  Secretary  of  War. 
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(1)  I  fally  concur  in  the  opinion  that  any  attempt  to  improve  the  navi* 
gation  ot  the  Lower  Mississippi  by  contraction  works  alone,  withoat  the 
extensive  use  of  bank  protection,  would  be  a  failure.  I  think,  even  if 
it  were  possible  in  that  way  temporarily  to  improve  the  river,  it  would 
be  only  temporarily,  since  the  river,  still  free  to  cave  in  its  bends, 
would  recede  from  those  works  unless  the  bends  were  held  by  protec- 
tion-works, and  would  thus  return  to  its  present  bad  condition. 

Not  believing  that  contraction  workd  alone  can  improve  the  naviga- 
ble depth  of  the  river,  neither  do  I  believe  that  revetment  works  alone 
can  do  it,  and  I  am  not  in  favor  of  either  class  of  works,  except  in  proper 
connection  with  the  other.  The  Mississippi  is  like  other  rivers,  diflfering 
only  in  size,  and  the  general  plans  for  improving  rivers  in  alluvial  bot- 
toms, followed  for  many  years  in  Europe  and  tested  by  experience,  mast 
be  followed  here — namely,  contraction  works,  to  secure  increased  depths 
where  needed,  and  protection  works  in  caving  bends,  to  prevent  the 
river  from  abandoning  or  destroying  the  contraction  works,  either  dar- 
ing their  construction  or  after  their  completion. 

(2)  I  have  little  hope  that  the  Mississippi  can  be  forced  at  any  justi- 
fiable cost  far  enough  up  along  the  Vicksburg  front,  which  it  has  absD- 
doned,  to  be  of  much  use  to  that  city.  As  there  will  be  no  funds  avail- 
able for  about  a  year,  the  decision  as  to  action  should  be  based  on 
conditions  then  existing. 

(3)  The  Commission  submits  an  estimate  for  an  appropriation  of 
#5,000,000  below  Cairo.  1  am  not  prepared  to  recommend  to  Congress 
the  beginning  of  work  on  any  new  reaches  below  Cairo  until  the  finfti 
cost  of  the  plan  of  the  Commission  for  the  improvement  of  the  Plam 
Point  and  Lake  Providence  reaches  is  approximately  known.  At  pre- 
sent no  reliable  estimate  can  be  made,  but  the  cost  is  already  groat 
The  final  cost  may  be  so  great  as  to  render  a  general  improvement  of 
the  river  inadvisable.  Until  this  question  is  settled,  work  should  not  be 
begun  on  a  great  scale. 

A  million  of  dollars  for  the  Plum  Point  Beach,  as  much  for- the  Lake 
Providence  lieach,  half  a  million  for  the  Memphis  Beach  and  the  sills 
in  the  Atchafalaya,  is  ample  for  the  prosecution  of  these  works  in  the 
coming  fiscal  year. 

C.  B.  COMSTOGK, 

Lieut  Col,  ofEngineerSj  BvU  Brig.  Oei^ 
New  York,  July  3, 1885. 

Hon.  Wm.  C.  Endicott, 

Secretary  of  War. 
(Through  the  Chief  of  Engineers,  U.  S.  A.) 


STATEMENT  OK  APPROPRIATIONS  ALLOTTED  AND  EXPENDED  FOR  WORKS  OF  IMPROT^ 

MKNT  UNDER  THE   MISSISSIPPI  RIVER  COMMISSION. 

Act  of  Marcli  'X  l^l |1, 000, 000  00 

Act  of  August  *2,  ie^2 4,123,000  00 

Act  of  January  19,  l.^H4 1,000.000  00 

Act  of  July  f),  Idrtl,  less  .Sr>,00()  transferred  to  snag-boat  service 2,065,000  00 

Total t«,  188, 000  00 

Balant'es  from  fornuT  a]>])r()i>riation8  for  works  bolow  Cairo,  July  1, 1882, 

less$l*2:?.4*iiev«'rted  to  the  Treasury 272,504  9ft 
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BalaDces  from  former  appropriatioDS  for  works  above  Cairo,  Jaly  1, 1884  |22, 032, 53 

For  sale  of  fuel  and  loea  of  property ••• 411  07 

Total |8, 483.548  56 

Szpende<l  to  Jane  30,  1885 : 

Des  Moines  Rapids  to  Illinois  River |120,949  23 

Illinois  River  to  Ohio  River 389,339  55 

Protection  of  easterly  bank  of  Mississippi  River  near  Cairo 27, 839  99 

Now  Madrid  Reach 210,364  74 

Plum  Point  Reach 2,379,019  12 

Memphis  Reach * 477,073  04 

Memphis  Harbor 198,580  97 

Lake  Providence  Reach 2,240,285  73 

Vicksburg  Harbor,  dredging 61,812  12 

Vicksbnrg  Harbor,  Delta  Point 115,573  71 

Survey  of  Helena  Reach ^ 8,000  00 

Survey  of  Saint  Francis  Front,  first  district 4,873  11 

Survey  of  Saint  Francis  Front,  second  district 4,000  00 

Survey  of  unleveed  fronts,  third  district 1,000  00 

Survey  of  nnleveed  fronts,  fourth  district 1,000  00 

Survey  of  Cubitus  Gap 137  14 

Survey  of  Choctaw  Bend 2,679  86 

Observations  at  Carrollton 3.000  00 

Closing  Bonnet  Carr^  crevasse 15.000  00 

Zeree*. 

Second  district : 

Yazoo  Front |80,950  00 

Long  Lake 15,000  00 

Third  district : 

Opossum  Fork 25,000  00 

Yazoo  Front 364,875  46 

Tensas  Front 411,107  74 

Fourth  district : 

Atchafalaya  Front 133,503  93 

Tensas  Front 548,258  24 

Mouth  of  Red  River 98,386  32 

Natchez  andVidalia  harbors 6,626  09 

New  Orieans  Harbor 149,334  43 

Total $8,093,570  51 

Balance  July  1,  1885 |389,978  05 

Respectfully  submitted. 

J.    H.    WiLLARD, 

Captain  of  Engineers^ 

Secretary  Committee  on  Conatmotionf  Mieeieeippi  River  CommiBeion. 
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PAPER  BY  GENRRAL  COM8TOCK  ON  EFFECT  OF  OVERFLOW  IN  DIMINISHING  VELOCITY 
OF  MISSISSIPPI  RIVER,  AND  ON  EFFECT  OF  LEVEES  ALONG  TA^OO  FRONT  ON  FLOOD- 
HEIGHTS  IN  188:). 

To  the  Mississippi  Biver  Commission  : 

In  the  i)art  of  the  last  ADnnal  Report  of  the  MissisBippi  River  Commission  relating 
to  levees  and  outlets  certain  views  were  expressed  as  to  the  effect  of  escape  of  Mis- 
sissippi River  water  over  the  river-banks  in  diminishing  the  velocity  of  the  maiii 
river,  and  on  the  effect  of  levees  on  the  flood  height  in  1883  at  Vicksbnrg,  in  which  I 
did  not  concur. 

There  was  then  no  time  to  discuss  them,  as  it  was  necessary  to  forward  the  report 
at  once.  I  have  since  examined  these  questions,  and  now  state  my  reasons  for  disagree- 
ment with  those  views. 

(1)  First  as  to  the  theory  that  when  escape  over  the  Mississippi  River  banks  begins, 
velocities  in  the  main  river  are  checked  and  deposits  indaced,  and  that  the  checKing 
of  velocity  arises  from  this  escape. 

At  some  of  the  gauging  stations  of  the  Commission,  when  the  river  rises  from  abont 
overflow  stage  to  its  maximum  height,  the  velocities  cease  to  increase  with  increased 
stage,  and  that  part  of  the  velocity  carve  becomes  vertical. 

The  theory  above  mentioned  has  been  advanced  as  an  explanation  of  this  peculi- 
arity in  the  velocities. 
The  velocity  curves  should  then  be  examined,  to  see  if  they  support  this  theory. 
The  following  lists  give  the  names  of  places  where  we  have  a  series  of  measures  of 
the  river's  velocity  both  above  and  below  the  stage  at  which  overflow  begins.  The 
number  above  the  name  gives  the  highest  observed  gauge-reading  in  the  discharge 
observations,  and  the  number  under  the  name  gives  the  stage  at  which  overflow  be- 
gins: 

192.9 
An   examination  of  the  velocity  curves  shows  that  at  Prescott  below  the  Saint 

188.1 
446.79  50.17  34.17  49.77  102.79  47.1  4&5 

Croix,  Winona,  Saint  Louis,  Fulton,  Paducah,  Columbus,  Helena,  Red  River  Land- 

443.4  49.7  32.0  41.0  ^95.0  4L0  44.5 

ing,  the  velocities  increase  steadily  to  the  highest *gauge-reading  without  any  impor- 
tant break  in  the  reguluritv  of  the  form  of  the  curve. 

34.42     '  88.20 

In  the  curves  for  Grafton  and  Hannibal  there  are  indications  of  a  change  in  the 

29.2  82.0 

form  of  the  curve,  without  its  being  very  pronounced. 

At  Grafton  the  velocities  are  complicated  by  the  nearness  of  the  Illinois  and  Mis* 
souri  rivers. 

As  the  river  rose  from  32.2  feet  on  April  25, 1881,  to  34.2  feet  on  May  5,  the  mean 
velocity  fell  from  4.6  feet  to  3.9  feet.  But  water  passing  Leavenworth  would  reach 
the  mouth  of  the  Missouri  River  about  five  days  later.  Between  April  20  and  April 
30  the  Leavenworth  gauge  rose  from  17.5  feet  to  26.75  feet.  When  this  rise  reached 
the  Missouri  mouth,  April  25,  it  produced  a  local  rise  there,  backed  the  water  up 
the  Mississippi,  and,  diminishing  the  slopes,  diminished  the  velocities  at  Grafton. 

This  Missouri  rise  showed  itself  at  Saint  Louis  by  a  rise  between  April  25  and 
May  6  of  4.8  feet,  the  Grafton  rise  being  but  2.0  feet. 

At  Hannibal  there  are  no  data  for  examining  the  question  of  slope. 

17.98  38.59 

At  Clayton  and  Hays'  Landing  the  change  in  the  form  of  the  curve  is  unmistakable. 

11.0  34.4 

(2)  At  Clayton  the  data  are  not  very  precise,  but  Lieutenant  Leach  reports  (Janu- 
ary 16,  1884)  that  cxiHtiug  information  indicates  that  at  the  top  of  the  flood  the  slope 
between  Prairie  du  Chien  and  Clayton  was  about  20  per  cent,  less  than  at  the  gauge* 
readings  when  the  curve  changes  its  direction. 

8877 
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This  decrease  in  slope  woald  nearly  balance  the  effect  of  increase  from  14  feet  to  18 
feet  in  gange>reading  in  increasing  the  velocity,  and  should  mi^e  the  velocity  con- 
stant between  the  gauge-reading,  as  it  is. 

The  fact  that  the  slope  of  the  main  river  is  reduced,  probably  by  a  damming  effect 
below,  is  enough  to  account  for  the  change  in  fonn  of  velocity  curve,  without  invok- 
ing the  theory  that  escape  over  banks  of  itself  at  once  reduces  at  the  place  of  escape 
the  velocity  of  the  whole  main  river  below  its  value  before  escape  began. 

In  estimating  the  effnct  of  change  of  slope  on  velocity  for  small  changes  in  gauge- 
readings,  the  formula  Fz=C\/r8  is  used,  as  it  is  known  to  give  good  results.  FistiM 
mean  velocity,  r  the  hydraulic  mean  radius,  and  8  the  fall  in  unit  length. 

(3)  The  second  very  marked  change  in  the  form  of  the  velocity  curve  is  at  Hayif 
Landing. 

From  January  21,  1882,  to  March  20,  1882,  the  Hays'  Lauding  gauge  increased  from 
84.3  feet  to  its  maximum,  38.6  feet.  During  this  rise  of  4.3  fyet,  the  velocity  curve 
was  nearly  vortical,  or,  rather,  was  inclined  somewhat  backward.  On  April  18  the 
gauge  had  fallen  to  34.6  feet,  and  in  this  fall  of  4.0  feet  the  velocity  curve  was  alio 
nearly  vertical. 

Again,  on  March  20,  the  gauge  being  3S.6  feet,  the  mean  velocity  was  5.4,  while  on 
June  6,  the  gauge  being  34.1  feet,  or  4.5  feet  lower,  the  mean  velocity  was  6.3  feet^ 
or  0.9  foot  greater. 

Were  thene  peculiarities  due  to  escape  of  water  over  bank  aod  to  the  cessation  of 
that  escape  ? 

The  following  table  gives  the  data  referred  to,  and  also  the  fall  on  the  same  dates  of 
the  water  surface  between  Lake  Providence  and  Vicksburg : 


Date. 


January  21,  1882 
March  ^0,  1882.. 
April  18, 1882*.. 
Jane  G,  1882  .... 


Havs' 

Landing 

Range. 


FmL 
8i.8 
3&6 
8i.6 
8i.l 


Hean 
velocity. 


8.1 
S.4 
S.8 
8.8 


Mean 
depth. 


68.6 
6L0 
60.8 
62.1 


FallLaki 

ProvideBO** 

Vlokabuig. 


17.1 
18.1 
14.0 
17.1 


*  April  18, 19, 20, 21,  the  Hays'  Landing  gaoge  varied  little,  the  mean  of  mean  velooitles  on  these  da|i 
was  5.6  feet. 

From  this  table  it  is  seen  that  the  mean  depths  varied  bnt  slightly,  so  that  tbecaoio 
of  the  changes  in  the  mean  velocities  must  be  songht  almost  entirely  in  the  cbangM 
of  slope.  >Tom  Jauuarv  21  to  March  20,  while  the  river  rose,  the  average  slope  Aroa 
Lake  Providence  to  Vicksburg  diminished  by  25  per  cent.  This  should  cause  a  dim- 
inution in  mean  velocity  of  13  per  cent.  The  actual -diminution  was  11  percent. 
Ou  March  20  and  April  18  the  mean  depth  was  practically  the  same,  althoagh  tho 
river  h^d  fallen  4  feet.  The  slope  increased  7  per  cent.,  which  should  increase  tliA 
velocity  by  3  per  cent.  The  velocity  actually  decreased  by  2  per  cent.,  bnt  theso 
quantities  are  so  small  that  they  are  without  certainty.    The  river  fell  4  feet,  bat  it. 


cent.     The  actual  increase  was  16  per  cent. 

It  scemH  then  that  these  chief  irregularities  in  tho  Hays'  Landing  velocity  (and 
hence  diHcharge)  curve  are  accounted  for,  as  closely  as  could  be  expected,  by  (he 
chan^eH  in  slope  in  the  main  river,  and  hence,  that  there  is  no  need  to  call  in  aid  tho 
theory  that  escape  of  water  over  the  river  banks  makes  the  velocity  less  than  before  tho 
escape  began,  and  thus  induces  deposits. 

(4)  The  cause  of  the  great  loss  of  slope  between  Lake  Providence  and  Vioksbuiga 
beginning  prior  to  March  20,  and  nearly  ending  prior  to  June  6,  is  seen  at  onoe  on  ex- 
amining the  gauge  curves.  The  great  return  flow  from  the  Yazoo  Swamp  began  to 
be  of  importance  at  VickHburg  about  March  4,  and  was  nearly  over  by  May  19.  Dur- 
ing this  tiniH  it  waB  a  great  tributary,  laisiug  the  river  at  Vicksburg  several  fbet 
above  th<>  stag**  duo  to  th(^  wau^r  coming  down  the  main  river,  and  backing  np  the 
river  as  far  as  I^ake  Providence,  thus  diminishing  the  slope  and  the  velocity. 

(f))  Finally,  of  the  twelve  Htations  considered,  while  at  all  the  river  went  over  iti 
banks,  but  four  show  a  stop  in  incn^aseof  velocity  wh^sn  the  overflow  stage  is  reached. 
Of  these  four  the  peculiarity  at  three  is  accounted  for  by  the  known  slopes  intliA 
main  river,  and  in  the  case  of  the  fourth  the  data  are  not  sufiQcient  fordiecueslon.  If 
they  were,  the  pctculiarities  would  probably  be  accounted  for  in  the  same  way. 

It  seeniH  then  that  the  cases  considered  give  practically  no  support  to  the  theory  qb- 
der  consideration. 

Whenever,  as  at  Helena  and  Vicksburg,  enormous  quantities  of  water  ftre  added  liy 
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return  flow  to  that  flowing  in  tbe  main  river,  there  will  be  a  looal  rise  above  the  stage 
doe  to  the  main  river  alone.  The  effect  of  this  local  rise  will  be  to  diminish  slopea 
and  velocities  for  long  distances  above,  the  effect  in  the  case  of  Vioksburg  reaching  to 
Lake  Providence.  This  diniinution  in  velocity  does  not  occur  wheo  the  escape  begins, 
nor  in  consequence  of  the  escape,  but  long  after,  when  the  return  flow  begins,  and  in 
consequence  of  that  return  flow.    The  return  flow  acts  precisely  like  a  tributary. 

(6)  The  question  whether,  when  escape  over  banks  begins,  the  velocity  in  the  main 
river  is  thereby  reduced  below  what  it  was  before  escape  began,  may  be  examined  in 
another  way.  The  formula  for  mean  velocity  V=.C\/r8f  shows  us  that  in  general 
terms  the  mean  velocity  can  be  reduced  by  diminution  in  mean  depth,  or  in  slope. 
But  as  the  theory  supposes  rise  in  the  river  bed,  to  result  from  loss  of  velocity,  the 
loss  of  velocity  must  precede  diminutiou  in  depth,  and  hence  can  only  arise  from  pre- 
ceding; diminution  of  slope.  Even  if,  for  instance,  between  Memphis  and  Arkansas 
City  there  were  to  be  a  mean  rise  in  the  river  bed  of  5  feet,  as  the  mean  depth  of  the 
river  at  flood  is  something  like  ^0  feet,  this  diminution  in  r,  in  the  formula,  wodld 
only  diminish  the  mean  velocity  by  5  per  cent.,  a  quantity  that  is  less  than  the  pos- 
sible error  in  a  good  gauging. 

Hence,  immediately  after  escape  begins,  if  there  is  any  marked  diminution  in  the 
velocity  of  tbe  main  river,  it  must  inevitably  be  accompanied  by  a  marked  diminu- 
tiou in  the  slope  of  that  part  of  the  river  whore  the  escape  takes  place:  if  no  such 
diminution  in  slope  occurs,  it  is  certain  that  no  marked  diminution  in  velocity  in  the 
main  river  will  occur. 

In  the  flood  of  18H2,  the  measured  escape  into  the  Yazoo  bottom,  between  Memphis 
and  Arkansas  City,  was  780,000  cubic  feet.  If  there  is  any  truth  in  the  theory  under 
consideration,  this  enormous  escape  should  show  iteelf  in  a  large  diminution  in  the 
velocities  and  in  the  average  slope  of  the  river  between  the  two  places,  in  theinterval 
of  time  between  the  beginning  of  the  escape  and  the  date  on  which  it  reached  its 
maximum  amouut.  Escape  began  at  Memphis  on  January  15,  1882,  with  Memphis 
^auge  reading  29.5  feet.  On  February  28,  1882,  the  gauge  at  Arkansas  City  reached 
Its  maximum. 

The  following  table  gives  the  falls  in  the  river  surface  between  gauges  on  these 
dates: 


Locality. 


Memphis  to  Helena 

Helena  t«>  White  River 

White  Kiver  to  Arkansas  City 

Total  fall 


Fallon 

January  15, 

1682. 


Feet 
SI.  8 
31.6 
13.8 


77.2 


Fallon 

February  28L 

1882. 


FmL 

80.9 

30.5 

13.8 

75.2 


That  is,  the  diminution  in  slope  between  these  dates  does  not  amount  to  4  percent, 
either  for  the  whole  or  the  partial  distances.  This  diminution  in  slope  would  corre- 
spond to  a  diminution  of  mean  velocity  of  less  than  2  percent.,  a  quantity  so  small 
tnat  accurate  discharge-observations  would  probably  fail  to  detect  it.  Moreover, 
between  these  dates,  tlie  return  flow  from  the  Saint  Francis  Swamp  had  begun,  and 
had  locally  raised  the  river  at  Helena  and  below  ;  without  this  disturbing  element  it 
is  probable  that  the  slope  between  Memphis  and  Helena  would  have  increased  instead 
of  having  slightly  diminished. 

ItseeniH,  then,  that  this  method  of  examination  also  negatives  the  supposition  of  a 
sudden  dimiuutiou  in  the  velocity  <»f   he  main  river  when  overflow  begins. 

(7)  Did  levees,  built  in  1882-'83,  reduce  flood  heights  at  Vicksburg  in  1883  T 

In  1882  and  1883  the  floods  at  Helena  reached  nearly  the  same  heights,  namely, 
47.2  and  46.9  feet,  while  th^se  floods  at  Vicksburg  reached  heights  of  48.7  and  43.8 
feet,  or  the  second  was  about  5  feet  lower.  This  reduction  in  flood-height  at  Vicks- 
burg  has  been  attributed  to  levees  built  in  1882-^83. 

It  does  not  seem  necessary  to  go  to  the  levees  as  a  cause  for  a  result  which  would 
have  occurred  without  any  change  in  them.  The  maximum  flood  at  Vicksburg,  in 
both  years,  was  caused  by  the  superposition  of  the  Yazoo  Swamp  outflow  on  tbe 
wat4»r  flowing  in  the  river.  In  1882  J.  B.  Johnson  observed  an  escape  into  the  Yazoo 
bottom  of  780.000  cubic  feet  per  second,  and  H.  Stewart  observed  that  of  18o3  as 
546,000  cubic  feet  per  second. 

The  maximum  return  flow  in  any  second  was  probably  less  at  Vicksburg  in  1883 
than  in  1882,  but  the  return  flows  in  the  two  years  affected  the  Vicksburg  gauge  bj 
about  equal  amounts. 

Were  these  return  flows  superposed  in  the  two  years  on  equal  discharges  of  the 
main  ri  ver  f  Or  was  the  discharge  of  the  main  river  above  the  entrance  of  the  Yasoo 
Swamp  discharge  very  much  less  in  1883? 
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Helena  is  293  miles  above  Vicksbarg,  and  the  water  which  follows  the  river  passes 
in  flood  over  this  distance  in  about  three  days.  If  then,  the  Helena  ka^K®  ^  exam- 
ined three  days  before  a  given  date  at  Vicksburg,  an  idea  can  be  formed  as  to  the 
amount  of  water  which,  coming  from  Helena,  is  passing  Vioksbarg  on  that  date. 

In  18d2  the  niaxinmm  stage  of  48.7  feet  was  reachecl  at  Vicksburg  on  March  20. 
The  river  stage  at  Helena  three  days  before  was  46.2  foet«  and  it  was  this  46.2  feet 
discharge  plus  that  of  Arkansas  and  White  rivers  pins  the  Yazoo  Swamp  return  flow* 
which  carried  the  Vicksburg  gauge  to  4H.7  in  1882,  on  March  20.  In  188;)  the  Vicks- 
burg gauge  n^ached  its  maximum,  4'3.8,  on  April  7.  Throe  days  before  the  Helena 
gauge  read,  on  April  4,  lH8:i,  32.7  feet,  in  place  of  46.2  in  1882.  It  was  this  32.7  feet 
ischarge  plus  the  ArkauMas  and  White  rivers  pins  tlie  Yazoo  Swamp  discharge 
which  gave  the  Vicksburg  maximum  of  43.8  in  188^{,  on  April  7.  46.2  minus  32.7  is 
equal  to  13.5  feet,  and  this  difference  in  the  Helena  gauge  in  the  two  years  ought  to 
largely  reduce  the  Vicksburg  gauge  in  1883.  It  aud  the  pn>bably  smaller  return  flood 
rethiced  it  4.9  feet  below  1882. 

But  while  the  Mississippi  at  Helena  was  carrying  *much  less  water  in  1883  than  in 

1882,  three  dayH  before  the  Vicksburg  maximum,  the  Arkansas  aud  White  rivers 
were  also  adding  less  water  to  the  Helena  dischiirge.  Allowing  seven  days  for  the 
water  at  Little  Rock  and  at  .lacksonport  to  Ttavch  Vicksburg,  it  may  be  said  that  in 

1883,  seven  days  before  the  Vicksburg  maximum,  the  Little  Rock  and  Jacksonport 
gauges  read  10  feet  aud  9  foot,  while  in  1882  they  reail  16  feet  and  22  feet. 

In  view  of  the.  fur  less  flow  past  Helena  at  the  time  of  the  Vicksburg  maximnm  in 
1883  than  in  1882,  the  Helena  stages  being  32.7  and  46.2,  ros|)ective1y,  and  in  view  of 
the  smalliT  contribution  of  the  White  and  Arkansas  rivers,  the  theory  that  levees  re- 
duced flood  height  at  Vicksburg  in  1883  as  compared  with  1882  is  not  needed  to  ao- 
connt  for  the  facts. 

C.   B.   COMSTOCK, 

Lieut.  Col,  of  Engineer$f 
Brt  Brig.  Gen.,  U.  8.  A., 
New  York,  March  15,  1884.  Presidsnt  Mississippi  River  Commiaion, 


Appendix  B. 

PAPER  BY  COMMISSIONER  B.   M.   HARROD,   ON  THE   PROTECTION  OF  BANK8. 

I  desire  to  submit  the  following  observations  and  opinions  concerning  the  protec- 
tion of  banks  as  part  of  the  plan  of  imx)n)vement  of  the  river  below  the  mouth  of  1^ 
Missouri. 

Whenever  the  movement  of  current  against  a  bank  has  sufficient  force,  either  from 
mass,  velbcity,  or  angle  of  impact,  the  submerged  part  is  scoured  away  and  the  super- 
incumbent bank  ''caves."  Therefore,  this  action  largely  occurs  in  deep  and  narrow 
bends,  where  the  resistance  of  the  banks  must  imprens  a  curved  motion  on  the  flow- 
ing mass ;  in  wide  reaches  at  the  lower  ends  of  crossings ;  or  at  any  other  place  where 
the  locution  or  dirccticm  of  the  channel  subjects  the  bank  to  abnormal  stress. 

In  this  practical  way  is  the  caving  of  banks  accounted  for  rather  than  by  the  the- 
ory that  the  charge  of  sediment  always  has  or  is  seeking  a  fixed  relation  to  the  veloc- 
ity, coupled  with  the  dogma  that  the  erosion  of  banks  results  from  an  underohai^  of 
sediment  in  the  passing  water,  and  not  from  the  friction  or  impingement  of  the  cur- 
rent against  thoin.  From  the  theory  here  allnded  t^)  is  drawn  the  conclusion  that 
the  uniformity  of  velocity  caused  by  uniform  section  will  so  adjust  the  load  of  sedi- 
ment that  it  cannot  be  increaHed,  and  therefore  that  the  banks  will  not  erode. 

Of  course  the  movement  of  water  and  the  suspension  of  sediment  stand  as  cause 
and  etlcct  and  their  relation  is  governed  by  law,  Imt  our  knowledge  thereof  as  con- 
cerning the  Mississippi  below  the  Missouri  is  still  quite  covered  by  the  expressions 
used  by  the  majority  in  the  first  report  of  the  Commission: 

''No  fixed  relation  has  be^Mi  discovered  between  a  volume  of  water  and  the  sed- 
iment in  it  for  any  given  o])serv«'d  velocity.  The  supply  of  earthv  matter  is  very 
irregular,  varying  gn-atly,  irrespective  of  changes  of  velocity,  with  fluctuations  in 
the  stage  of  river,  the  relative  discharge  of  ditferent  tributaries,  the  seasons  of  the 
voar,  tlie  eoiiditions  governing  rainfalls,  alternations  of  freezing  and  thawing,  the 
kinds  of  crops  cultivated  in  \\u\  vieiuity,  and  other  causes." 

The  observations  eon<lueted  by  the  Ccunniisaion  have  corroborated  fully  the  an- 
thority  on  which  this  statement  is  made. 

I  here  insert  tabulated  results  of  an  examination  of  every  extended  series  of  sedi- 
ment observations  made  between  (*airo  and  the  head  of  the  passes.  These  are  five 
in  number,  as  follows:  Currollton,  1^5l-';V2,  Humphreys  and  Abbot;  Colambos,  ItiOSg 

'Strictly  this  should  be  excess  of  retuili  flow  over  escape  below  Helena.  A  nam* 
ber  of  corrections  have  been  made  in  the  original  paper.— C.  B.  C,  Julyi  '"*~' 
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mnplireys  and  Abbot;  Colnmbas,  1879,  Maj.  C.  R.  Sater;  Falton,  1879-^80,  Missis- 
grpi  River  Commission  ;  Carrollton,  1879-*80,  Mississippi  River  Commission. 
The  tables  show  the  volocities,  graduated  iu  half  feet,  and  the  observed  qnantities 
'  sediment  during  the  several  periods  when  each  rate  of  velocity  prevailed. 

CARROLLTON,  1851-'62. 


Velocity — 
feet  per 
second. 


1. 5  to  2. 0 

2. 0  to  2. 5 

2. 5  to  8. 0 

8. 0  to  3. 5 

8. 5  to  4. 0 

4. 0  to  4. 6 

4. 5  to  5. 0 

6. 0  to  5. 5 

5. 5  to  6. 0 

6. 0  to  6. 5 


Periods 

Nnmber 

of  obser- 

of obser- 

vations. 

vations. 

1st. 

13 

2d 

1 

Ist 

2 

2d 

2 

8d 

1st 

2d 

3d 

Ist 

2d 

1st 

2d 

8d 

1st 

2d 

8d 

1st 

2d 

1st 

Ist 

2 

2d 

2 

1st 

1 

^^.^L".''-  I  in  600  gram. 

wat**r. 


servations. 


104-282 
266-369 


474-620 


181-350 


450-918 

197-276 
443-662 

442-595 
241-271 


.168 
.092 
.817 
.184 
.192 
.414 
.510 
.097 
.497 
.514 
.304 
.207 
.692 
.169 
.636 
.591 
.226 
.657 
.614 
.518 
.256 
.346 


COLUMBUS.  1868. 


Velocity- 
feet  per 

Periods 
of  obser- 

Number 
of  obser- 

Extreme 
range  of  ob- 

Mean sedi- 
ment Troy 
grainsper 
cnbio  foot. 

second. 

vations. 

vations. 

servations. 

1. 5  to  2, 0 

22 

44-221 

181 

2. 0  to  2. 5 

1st 

8 

155-420 

233 

2d 

8 

126-268 

188 

3d 

1 

864 

2. 5  to  8. 0 

1st 

8 

472-708 

606 

2d 

1 

281 

8. 0  to  3. 5 

1st 

6 

42^-598 

636 

2d 

1 

602 

8. 5  to  4. 0 

1st 

10 

466-664 

603 

2d 

8 

280-891 

826 

3d 

5 

883-628 

602 

4th 

8 

817-376 

847 

4. 0  to  4. 5 

1st 

2 

606-641 

623 

2d 

2 

40&-738 

672 

3d 

2 

140-266 

203 

4th 

8 

864-487 

421 

4.  5  to  5. 0 

1st 

2 

209-378 

823 

2d 

1 

269 

3d 

3 

624-667 

641 

4th 

5 

332-797 

664 

5. 0  to  5.  6 

1 

Ist 

2d 

3d 

346 

280 
636 

5.  6  to  6.  0 

1st 
2d 

1 

236-279 

267 
639 

6.  0  to  6. 6 

Ist 
2d 

— 

288 
490 

6. 5  to  7.  0 

Ist 

288 

1 

2d 

147-294 

204 

3d 

199 

7.  0  to  7.  5 

Ist 

211-307 

264 

2d 

470-638 

604 

3d 

278 

4th 

236-382 

808 

6th 

166 

7. 5  to  8. 0 

Ist 

268 

&0  to  &6 

1st 
2d 

366 
823 

181  ENa 
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coLUHBua.  itm. 


VeloeltT- 

Period. 

Nimbei 

fJSffi 

votiou^ 

^allont 

Lt 

3 

ia  -S7 

tt 

M 

a 

ue   -MB 

140 

iStoS-O 

if 

J 

H.S 

B.0to5.5 

1 

iS  :i!.. 

M.75 

FULTOW.  IS7»-'«I. 


Tolocllj-— 

KS 

Number 

Eitrome 
nini;a  at  ob. 

H«D  BOdl- 

meiitm.jtr. 
Id  500  b.  GEO 
tlniolen. 

2. 0  to  S.  6 

iBt 

J, 

lCS-420 

333 

M 

iaiSM 

801 

I.5toS.O 

! 

Bit 

sli 

s 

40S-4BS 

434 

3.0to8.» 

9 

all 

9 

41(MHD 

tM 

3.Sto4.0 

ai 

» 

S40-310 

371 

u 

7S4 

1.0  te  4.6 

21«-M0 

!d 

4 

8.W-M0 

3d 

2n:^IO 

381 

13 

43s-aM 

S38 

Sib 

3 

000-71)0 

l.S  toG.0 

3U 
400 

3d 

4 

430-4M 

430 

4th 

m 

SIh 

U0-03S 

768 

B.oioa.s 

Isl 

3M 

U 

S«S 

3iO-MS 

308 

C.tto«.l) 

Ia 

1 

335 
530 

S 

3IO-T10 

51« 

4<h 

WD-OTO 

8SS 

Olli 

3 

7SC-8S0 

SIS     , 

1.0  to>.S 

3d 
4tb 

j 

1 

su-aos 

535 

300 
317 
380 
tJS 

GIU 

E 

««t-iiu 

ion 

843 

0.5  10  7.0 

1 

j 

180 

T.aWT.G 

!a 

8 

4IU.-U0 

400 
S51 

U<1 

7.  s  to  a  0 

iV 

1 

145 
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CABHOLLION,  ISTO-'Mt 


V.lwitT- 

Period  ■ 

NomLrr 

E.tr™» 

Mom  »dl- 

tlmetera. 

vwium. 

YUtioiis. 

KIVMIOIIB. 

1.6  to  2.0 

lilt 

ns 

3. 0  to  3.  S 

S- 

s? 

4. 0  to  4.  B 

3 

asB-sBo 

*.5to5.0 

l-l 

MB-MII 

^Ti 

S.0  1O5.5 

Ja' 

SfS 

ut 

870-BM 

£8S 

Tho  extreme  results  of  tLcae  observations  can  'be  coudens^d  us  follows : 
CAItltOLLTOS,  1851-'S2. 


Data. 

G-1.1I6. 

DiBcharci-, 
cubic  hit 

Vrlocltr, 

tionrKd 
liiimit  liy 

asf 

is.ia 

■na.sxi 

3. 

2; 

as 

27.  KM 

COLirUBUS,  ISU. 


COL0UBUS,  isn. 


'3.4    I       410.000 
13.05         7211.000 


FCLTOK,  ISTS-'SO. 


CARBOLLTOS,  l«i»-'80. 


■ 

2. 

4.4U 
13. 4U 

sSliioou 

li 

i£ 

M,04T 
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Tliese  resulta,  wlilch  covt'r  all  obserratioDe  on  the  siil\ject,  clearly  give  do  support 
to  the  fitatunitnt  that  tbn  rharuoof  aediment  in  tlie  Lower  Mississippi  is  proportioned 
to  tba  velocity,  oor  do  they  atlmtt  of  exptuDatinn  b;  the  Hugo^ted  effect  of  depth  in 
modifying  tbemlation  between  these  two  t  unctions.  There  is,  however,  no  obscurity 
in  the  cansH  of  these  aiiparent  aiionialios.  The  stage  of  the  Hissoiiri  and  other  silt- 
bearing  Iributariea,  in  relation  to  that  of  the  olear-wsf«r  tributaries,  is  evidsutiv  the 
influence  most  largely  coulrolling  the  amount  found  at  any  time  in  the  river.  High 
water  from  the  Missouri  is  heavily  charged  with  sediment  even  to  the  Gulf,  while 
from  the  Ohio  there  is  but  little  sediment,  with  eqnal  or  greater  heights  and  veloci- 
ties. 

Under  these  couditiona  the  law  governing  the  relation  between  velocity  and  sedi- 
ment  is  no  further  uaefnl  than  was  stated  iu  the  first  report  of  the  Commission: 

"Any  reductiou  of  velocity,  by  lessening  the  suataininK  and  tran  spurting  power  of 
water,  and  by  arreating  some  of  the  heavier  particlea  which  the  diminiaheo  cnmnt 
is  unable  to  move  along  the  bottom,  wilt  tend  to  caase  a  deposit  of  solid  eaitby  mat^ 
ter  and  raise  the  bed  ul  the  stream." 

But  even  if  tbe  ailjastiuBnt  of  sediment  to  velocity  is  admitted,  the  caving  of  hank* 
Tontd  still  continue  as  the  ilireot  effect  of  the  impact  of  the  current.  This  is  clearly 
shown  by  tbe  lesiilts  of  comparative  aiirveys  below  Cairo.     There  the  demarkation 


for  a  distance  of  twenty  or  thirty  miles  and  by  the  sediment  trap  for  a  distance  of  two 
or  three  hundred  miles.  Yet  the  caving  on  the  right  bank  wasbed  by  water  mutt 
heavily  charged  willi  sediment  exceeds  that  on  the  left  bank,  aa  is  shown  by  tlw 
following  table,  constructed  fmni  comparative  surveys  by  the  CommiMion,  coveriiig 
a  peroid  of  four  years: 


Bight  bank. 

LelttNtak. 

l.enKtli  at  tiTet  below  Cairo. 

LeuRth  of 

AreauiDn- 

l>nBthof 
amlDD. 

S'^S. 

F4tl. 

U,000 
78,900 

110,  mo 

•m 

BBO.OSD 

n,*M.BM 

SIffiS 

ii,7«e.aio 

IE 

iTa.ooo 

ISO,  SOD 

irr»,aw 
33a,  w 

t,T»;M 

a6,tn,7H 

The  conclusion  ia  thns  reached  that  the  amount  of  sediment  la  not  mainly  OOD- 
trolled  by  the  velocity  northeamount  of  caving  by  the  degree  of  sediment  satnM^OB 
of  tbe  passing  current. 

The  same  conclusion  is  reached  by  any  logical  arrangement  of  all  the  obwrred 

By  the  terms  of  the  theory  of  the  development  of  an  alluvial  stream,  its  bed  ud 
banus  are  shaped  itiid  linilt  by  its  own  forces  with  a  nnifonn  seotion.  in  regimen  with 
its  other  elcmeute.  The  dinienaions  arc  adjusted  to  the  slope  and  discharKe,  and  th* 
bed  approximates  snch  form  us  oSere  least  resistance.  The  river,  therelors,  in  Ui 
normal  comUlion,  ruuli^od  the  coirecttou  which  is  now  proposed  for  its  regularttation. 
Then  why  bus  this  ideal  state  been  disturbed  by  cavjii£,  and  why  are  artificial  mesiu 
now  iiKiuireit  to  restore,  or  oven  uiaiutaiu,  a  natural  condition  T 

Assniuiug  that  thopiotKiRod  correeT inn  had  been  applied,  giving  uniform  widthani 
velocity,  uud  that  in  consequence  caving  was  chocked,  we  should  than  have  leaa  wd- 
imeiit  by  the  amount  thereof  now  cinilributudi>y  caving  banks  anda  velocity  greattf 
because  relieved  from  the  n-iirk  of  suspending  and  transporting  that  amonul  of  ledl- 
ment.  Under  thi-s<>  coiiditirniH  why  shoolil  not  erosion  be  increased  rather  than  dl- 
ininishedif  the  theory  umler  diseuaHioii  ia  tnioT 

ly  mean  velocity.  The  extremes  wonld  alill 
nec(»)sary  for  navigation  was  aocomplishad. 
rex,  the  current  would  still  flow  with  theaaM 
id  witli  theaamodllferences  of  sediment  predi> 
-  of  the  bank  would  therefore  oontlnne. 


II  affects  ui 


Again,  unifuniiity  of  srctioll 
vary  greutly  after  all  the  c 
Along  the  bniik,  as  it  is  concave  or  i 
alternaticiuH  of  velocity  as  at  jircai'iil 
oated  by  the  theory.    The  fill  and  si  ...   

From  experience  it  is  known  that  a  deposit  up  to  the  height  of  the  high-watw  bans 
cannot  he  induced  by  contraction  works  in  less  than  four  or  five  years ;  a3ai>,  fma 
experience  and  the  terms  of  the  theory,  caving  will  not  cease  ontil  the  high-water 
oontraotion  is  complete.    During  the  period  of  constniotioa  oaving  will  oontlnas, 
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and  the  line  of  tbo  new  shore,  and  the  contraction  works  defining  it,  must  be  annually 
advanced  at  an  equal  rate.  If  they  are  not,  by  the  time  complete  results  are  attained 
on  the  orip;inal  line  the  river  will  have  recovered  the  width  that  first  made  contrac- 
tion necessary.  If  the  line  is  thus  annually  advanced  the  cost  of  contraction  will  soon 
largely  exceed  that  of  bank  protection. 

Probably  more  than  half  the  material  contributed  by  oa vine  is  from  the  bank  above 
the  limit  of  erosion  or  the  water  surface.  The  weight  and  bulk  increase  in  a  greater 
ratio  than  the  height.  Therefore  an  undue  proportion  is  contributed  at  low  water 
and  where  the  banks  are  high.  For  this  reason  an  illustration  taken  from  the  river 
when  thf^  rise  and  fall  is  small,  as  at  Fort  Saint  Philip,  is  unfair,  particularly  as  it  Ib 
known  that  the  soil,  as  we  proceed  down  the  river,  becomes  less  sandy  and  more  te- 
nacious. 

If  this  theory  were  correct  the  greater  caving  would  occur  during  the  rise  of  the 
^ver,  which  is  a  period  of  increasing  velocities.    But  it  is  well  known  that  the  re- 
Terse  of  this  is  true,  and  that  caving  is  excessive  during  the  falling  river  in  a  period 
of  decreasing  velocities. 

While  it  is  true  that  the  caving  is  less  below  than  above  Red  River  it  oannot  be 
accounted  for  by  greater  uniformity  of  velocity.  The  great  depth  allows  and  the 
small  width  compels  a  general  movement  of  the  mass  approximately  parallel  to  the 
axis  of  the  bed.  Above  Red  River  the  immense  bars  lying  athwart  the  channel  and 
the  great  width  of  the  bed  directs  the  entire  volume  against  the  bank.  This  aotion 
is  mainly  developed  during  the  falling  and  low  stages,  when  the  caving  is  observed  to 
be  the  most  extensive. 

This  theory  can  be  here  left  as  unproved  by  the  facts  and  insufficient  to  account 
for  the  results. 

To  the  caving  of  banks  can  be  attributed,  in  great  part,  the  deterioration  of  the 
river,  both  as  a  navigable  channel  and  as  a  drainage  line ;  and  also  the  difficulties 
encountered  in  the  improvement  of  either  of  these  functions.  In  the  first  place,  by 
caving,  both  the  length  and  the  high- water  width  of  the  river  is  increased.  Althoneh 
the  deposit  on  the  convex  or  growing  side  may  be  equal,  in  any  given  time,  to  the 
amount  caved  away  from  the  opposite  bank,  yet  these  two  masses  of  material  are  of 
such  relatively  different  shapes  that  their  opposite  movements,  one  of  accumulation 
and  the  other  of  waste,  give  as  a  net  result  an  increased  width  of  river.  The  material 
fh)m  the  convex  bank,  precipitated  into  the  swiftest  current  of  the  river,  is  promptly 
swept  away.  The  opposite  side  of  the  bed,  being  higher,  is  less  deeply  submerged 
and  by  water  less  rich  in  sediment.  Therefore,  while  the  extension  of  the  new  de- 
posit out  into  the  channel  may  be  as  rapid  as  the  recession  of  the  opposite  shore,  its 
elevation  to  the  normal  bank  height  of  the  river  is  very  gradual. 

All  exact  observations  confirm  a  conclusion  which  is  sufficiently  obvious  from  a  gen- 
eral knowledge  of  the  river.  The  most  important  of  these  are  appended  in  tabulated 
form : 


Locality. 

i 

,  ^*«-            Time, 
tances.          ■'-»"'»^- 

Milei.     1 

No.  of 
widths. 

Feet 

Mean  in- 
crease. 

Per 
cent. 

Feet. 

Cairo  to  New  Orleans 

963  i  1821  to  1874, 

319 

1.813 

.74 

Cairo  to  New  Orleans 

r)3  years. 
Q^o5  1851  to  1874, 
^"^i     23vear8. 

218  !  }     1  219 
319  !  5       • 

.40 

Cole»  Creek  to  Tunica 

100     1851  to  1883, 

11  !  .        334 

.106 

Baton  Rouge  to  Donaldeon- 

32  years. 
52     1851  to  1883, 

1 

68  i            149 

.053 

ville. 
Point  Houma  to  New  Or- 

32 years. 
75     1851  to  1875, 

40                66 

.03 

leans. 

24  years. 

Authority. 


Poasain,  U.  S.  Reo. 

Suter,  U.  S.  Rec. 
5H.  &  A.ITyd.MiBa. 
JSut«r,  U.  S.  Rec. 

H.  &,  A.  Hyd.  Miss. 

Miss.  Riv.  Com. 

U.  &  A.  Hyd.  Miaa. 

Miss.  Riv.  Com. 

H.  &  A.  Hyd.  Miaa. 

Maps  U.  S.  C.  dt  G.  S. 


The  first  instance^  probably  erives  an  excessive  result  from  the  vagueness  of  the  earlier 
authority.  The  two  last  are  in  parts  of  the  river  where  changes  are  very  much  slower 
than  above  Red  River ;  but  the  general  movement  is  established.  Instances  of  caving 
of  1, 000  feet  per  year  are  not  unknown: 

As  the  width  of  the  river  increases  its  mean  depth  diminishes.  Continued  widen- 
ing develops  a  very  characteristic  shape  of  bed,  in  which  the  deepest  water  is  along 
both  bankH,  and  a  iniddle  ground  or  bar  area  at  the  iutermediate  node  or  reversion 
point  between  bend.s.  The  absence  of  defined  channels  across  this  bar  area  from  one 
pool  to  another  is  the  obstruction  to  low- water  navigation.  The  development  of 
channels  through  it  i.s  the  result  of  the  relative  increase  of  local  velocity  by  the 
reduction  of  area  as  the  water  falls  at  the  bars.  If  these  channels  increase  in  num- 
ber, as  frequently  occurs,  they  become  tortuous,  uncertain,  and  the  navigable  depth 
Ib  each  diminishes.    The  physics  of  this  bar  formation,  characteristic  of  all  natural 
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water-courses  with  yioldin^;  beds,  is  discussed  by  Major  Siiter  (Report  Chief  Engiueen, 
ISbl,  p.  1(549),  and  by  Professor  Mitchell  (Report  Mississippi  River  Commissiou,  lUtt0^ 
Appendi?^  S,  p.  261^),  to  which  papers  I  beg  leave  to  refer. 

Two  results  of  much  iniportauce  iu  the  improvement  of  navifj^ation  follow  these  oon- 
dltious. 

(1)  As  the  shape  of  a  bend  cliaugosby  cnviu^^  a  new  direction  is  constantly  given  to 
the  maximum  scourin>^eftort  of  the  river,  by  which  a  low- water  channel  or  crossing  is 
developed  throu<:;h  the  bar  at  the  node  beh)w.  Hence  it  is  impossible  to  "perma- 
nently locate''  this  channel  until  the  shore-line  of  tho  bend  above  is  flxcd.  If  con- 
traction works  are  located  at  any  time  with  reference  to  existing  onrrents  and  chan- 
nels, their  continued  usefnlness  depends  upon  the  maintenance  of  the  direction  of  these 
currents.  Professor  Mitchell  says:  ''These  bars  are  not  [permanent  in  position;  on 
the  contrary  they  are  ]>rone  to  shift  as  the  bends  become  more  acute,  extend,  or  move 
downwards.  Indeed,  under  the  general  rule  that  the  bars  form  at  the  reveraion  point 
of  curves,  it  is  evid(>nt  that  their  positions  must  vary  as  these  curves  vary,  and  tbatt 
the  holding  of  the  curves,  by  revetment  or  otherwise,  is  an  essentially  early  step  la 
the  coutrnl  of  the  river.  It  antedates  logically  the  retrenchment  which  is  to  deepen 
the  water  at  the  bars." 

(2)  The  continued  change  in  the  shape  of  a  bend  by  caving  and  of  the  location  of 
the  crossing  below,  which  mnrks  the  thread  of  movement  of  the  stream,  iiecessanlj 
changes  tbe  direction  in  which  the  cuirent  enters  the  bend  below.  Hence,  this  is 
eubjected  to  new  and  shifting  attacks,  and  the  ill  efl'eots  of  caving  in  an  up|>er  bend 
is  transmitted  downwards  in  turn  from  bend  to  bend.  It  is  fair  to  infer  that  if  thA 
caving  in  any  one  bend  were  arrested  the  transmitted  effect  below  would  ultimate  it- 
self and  cease.  As  it  is,  the  increase  of  caving  is  in  a  compound  rather  than  asimpls 
ratio. 

In  the  next  place,  from  caving  banks  is  derived  a  large  part  of  the  material  of  whieh 
bars  are  composed.  If  the  results  of  the  observations  by  the  Comniissiou  on  caving 
banks  be  prorated  over  the  length  of  the  river  below  Cairo,  omitting  any  consideration 
of  the  part  belo>y  Red  River,  tor  safety  in  estimating,  and  a  mean  depth  of  100  feet  be 
assumed  for  the  caving,  then  the  amount  contributed  from  this  source  is  about  four 
times  as  great  as  the  sediment  discharge  of  the  river  as  computed  by  Humphreys  and 
Abbot. 

The  banks  are,  generally  speaking,  of  sand  and  clay,  seldom  purely  of  either  mate> 
rial,  but  mixed  in  ditferent  proportions,  according  to  the  conditions  under  which  th^^ 
were  built.  When  they  yield  to  the  encroachment  of  the  river,  the  finer  and  lighter 
portions  readily  lloat  long  distances  with  low  velocities,  and  are  mainly  deposited  in 
'Cniet  water,  under  the  shelter  of  willow  points.  The  sediment  from  the  Missooii 
noats  so  readily  that  at  times,  at  a  distance  of  1,200  miles  below  its  mouth,  at  n^ 
dinm  and  low  stages,  and  correspondingly  small  velocities,  not  only  the  chnrffoof 
sediment  per  unit  of  measure,  but  even  the  total  bulk  afloat  is  greater  than  at  tinM 
of  great  flood  from  the  Ohio,  when  the  discharge  and  velocity  are  approximately 
doubled.  But  the  more  important  part,  both  in  quantity  and  function,  the  sand  and  fins 
gravel,  sinks  rapidly,  forming  a  loose  and  movable  bed,  which  is  shaped  into  sand 
waves  and  bars  by  the  forces  of  the  river,  constantly  changing  in  direction  and  inten* 
sity.  If  it  falls  iu  a  pool  where  the  scouring  power  of  the  higher  stages  is  conoea- 
trated,  the  next  flood  sweeps  it  down  to  the  bars  on  the  wider  section  below,  when 
the  current  spreads  and  its  transimrting  power  abates.  From  this  halting  plaofl^ 
where  the  current  becomes  relatively  greater  as  the  lower  stages  are  reached,  it  if 
scoured  down  into  the  coii^paratively  still  pool  below.  The  range  of  elevation  of  thsfl 
bars  during  the  annual  oscillation  of  the  river  frequently  exceeds  the  depth  fonnd 
on  them  at  low  water.  A  high-water  survey,  reduced  to  low-water  gange-readingi^ 
would  exhibit  numerous  dry  bars  extending  entirel3'  across  the  bed.  The  more  im- 
portant down-stream  movement  of  sediment  is,  therefore,  intermittent,  and  it  canbs 
understood  that  the  same  material  nniy  enter  successively  into  the  composition sf 
each  bar  an  it  moves  by  K(>mi-Minu»l  excursions  toward  the  sea. 

BesicleH  these  uses  for  hank  levetment,  which  may  be  classed  as  conservative,  I  si* 
sign  it  ant'ther  duty,  in  restoring  that  uniformity  of  secthm  and  velocity,  which isof 
obviouH  ini]iortnnee  in  the  regularization  of  rivers.  The  extreme  variations  of  width 
now  <'xisting,  witli  a  tendency  toward  further  increase,  are  not  normal,  but  are  ex- 
aggerated by  <'avin;r.  The  pin  si<;al  history  of  the  river  is  not  one  of  growth  from  • 
narrow  to  a  wide  stieani,  but  of  the.  replacement  of  a  nnich  wider  exiiansion  of  su^ 
face  by  a  deiinei]  and  limited  water-wa>,  of  an  (>stnai'y  by  a  river.  The  bed  stiQ 
strives  to  coni'orin  its  dimensions  to  tlie>  sniallcst  section  that  will  contain  the  volnine 
flowing  thioii;;h  it,  and  to  a  sha])e  that  will  oiler  least  resistance.  The  reversion  of 
this  process,  as  is  now  observed,  marks  tbe  ])n'sence  an<l  contnd  of  abnormal  in- 
flu<M)ces.  It  is  thci-ef(ir<'  jnst  to  expiM'f  that  wlicn  the  elongiition  of  |ioint«  and  the 
grow  111  of  middle  bins  is  lesistcd  by  the  ('stablishment  of  pernuinent  banks,  them^ 
terial  now  used  in  tiieir  extension  toward  the  retreating  bank  will  be  deposited  over 
areas  ontside  of  the  re<|nired  bed  limits  so  as  to  raise  them  up  to  bank  level,  and  thoi^ 
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by  narrowiug  the  bed,  restore  more  favorable  conditions  both  for  navigation  and  dis- 
charge. 

As  compared  with  contraction  work  by  dikes  or  screens,  I  believe  that  bank  pro- 
tection,  for  any  given  lenj^th  of  river,  is  of  not  greater  cost,  while  more  rapid  in  con- 
fltruction;  can  be  made  more  enduring,  as  less  exposed  to  drift,  ice,  and  the  alterna- 
tions of  wetting  and  drying;  and  its  ultimate  effect  in  adjusting  widths  and  sections 
will  be  equally  certain  and  more  permanent  than  dike-work.  Besides  this,  while 
even  from  experience  it  is  obvious  that  the  necessity  for  the  protection  of  caving 
banks  is  not  obviated  or  reduced  by  dike- work,  it  may  bo  justly  expected,  from  reasons 
before  given,  that  permanence  of  bank,  and,  consequently,  of  channel,  will  have  ef- 
fects that  will  to  some  extent  reduce  tbe  amount  of  artificial  contraction  required. 
The  obvious  illustration  of  this  is  the  exceedingly  narrow  and  deep  sections  along 
the  foot  of  blufl's  at  Columbus,  Fulton,  Randolph,  Memphis,  the  old  Vicksburg  and 
<3rand  Gulf  channels,  and  at  the  other  points  below.  Acknowledging  entirely  the 
importance  to  navigation  of  an  equalization  of  width,  the  prevention  of  caving  is  a 
certain,  permanent,  and  economical  way  of  secJiring  ir.  I  therefore  recommend  the 
completion  of  this  part  of  the  work  from  Saint  Louis  to  Cairo,  and  its  commencement 
at  Cairo  and  extension  down  river,  in  bends  where,  in  the  judgment  of  the  Commis- 
aion,  caving  is  rapid  enough  to  be  injurious  to  navigation  by  widening  or  preventing 
the  permanent  location  of  the  channel  or  by  increasing  the  supply  ot  bar  material. 
This  general  order  of  progress  is  proper,  because  the  work  secures  itself  from  attack 
from  above  as  it  progresses,  and  is  constantly  exerting  a  conservative  and  beneficial 
influence  through  the  reaches  below.  It  may,  however,  at  times  be  advisable  to  an- 
ticipate the  general  progress  of  the  work  where  very  disastrous  caving  is  going  on, 
And  particularly  where  a  cut-off  or  the  destruction  of  a  harbor  or  important  contrac- 
tion works  is  threatened.  It  must  not  be  forgotten  that  if  bank  protection  is  con- 
tinned  as  part  of  the  plan  of  improvement  the  results  of  dike- work  will  become  slower, 
and  therefore  more  costly,  since  the  supply  of  sediment  which  the  latter  is  intended 
to  arrest  will  be  diminished  by  the  extensive  application  of  the  former.  To  a  certain 
extent  choice  must  be  made  between  the  two  methods.  Without  permanent  banks 
contraction  is  impracticable.  With  permanent  banks,  the  channel  will  be  directly 
Improved,  and  a  certain  amount  of  contraction  will  naturally  result. 

B.  M.  Habrod. 

Mxw  Orjjeans,  February f  1885. 


Appendix  C. 

rkpobt  of  thb  secretary  of  the  commission  upon  the  work  of  tum- 

vkys  and  examinations. 

Office  of  Mississippi  River  Commission, 

282B  Washington  Avenue, 

Saint  Louis,  June  18,  1885. 

QxKERAL :  I  have  the  honor  to  submit  the  following  report  of  the  work  of  the  sec- 
retary's oflSce  and  of  surveys  and  examinations  during  the  fiscal  year  ending  Jane 
80,  1885. 

My  duties  as  secretary  only  began  upon  March  3,  when  I  relieved  Capt.  Smith  S. 
Lieach,  Corps  ot  Engineers,  who  had  performed  those  duties  from  August,  1879,  to  that 
tinie. 

Tbe  operations  carried  on  under  this  office  for  the  past  year  have  been  the  inspec- 
tion and  repair  of  gauges  on  the  main  river  below  Saint  Louis  and  on  tributaries;  the 
checking,  compilation,  and  publication  of  gauge  records;  field  work  of  topography 
and  hydrography ;  the  reduction  and  plotting  of  field  notes,  and  the  preparation, 
publication,  and  distribution  of  maps;  the  iiriuting  of  tabulated  data,  gauge,  records, 
proceedings  of  the  Commission  and  reports;  observations  for  computing  the  discharge 
of  the  main  river  at  six  selected  points  below  Cairo,  and  of  the  Atchafalaya  near  its 
head,  and  of  Old  River  between  the  head  of  the  Atchafalaya  and  the  Mississippi ;  the 
reduction  of  the  notes  of  these  observations,  and  the  computations  therefrom;  various 
local  examinations  made  by  the  assistant  with  the  steamer  Patrol  and  in  charge  of 
inspection  and  repair  of  gauges  and  bulletins ;  tidal  observations  to  determine  the 
mean  gulf  level  upon  a  gauge  established  near  Biloxi,  Miss.;  the  reduction  and  com- 
pilation of  physical  data  of  the  Mivssissippi  River  and  the  Alluvial  Valley  ;  the  classi- 
fication and  tiling  of  the  rei)ort8  and  records  ]>ertaining  to  the  Commission;  the  di»- 
bnrsements  of  the  funds  ap)>r<)])riated  for  the  expenses  of  the  Commission,  and  forsnr- 
▼eys  under  its  direction,  and  the  clerical  work  rendered  necessary  by  these  duties. 

For  purposes  of  organization  and  to  systematize  the  labor,  the  ofiice  work,  as 
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noted  and  described  in  the  last  aiiDual  report  of  the  secretary,  is  distribated  and  al- 
lotted to  divisions,  with  assistants  iii  charge  of  each. 

The  topographical  division  is  in  charire  of  Mr.  J.  A.  Ockerson,  aflsistant  engineer, 
and  there  have  been  associated  with  him  Assistante  C.  M.  Winchell,  C.  W.  Clark, 
Moses  Greenwood,  jr.,  O.  W.  Ferguson,  O.  A.  Orrman,  F.  B.  Maltby,  and  J.  T.  Des- 
mond. Mr.  Edward  Molitor  lias  been  employed  throughout  the  year  in  this  depart- 
ment in  drawing  and  preparing  charts  for  publication  and  engraving  sheets  of  tities, 
notes,  and  table  of  distances  to  accompany  published  series  of  maps. 

The  computing  division  is  in  charge  o^Mr.  L.  L.  Wheeler,  assistant  onsineer,  and 
there  have  been  attached  to  this  division,  either  throughout  the  year  or  in  the  mt«rval« 
between  field  duties,  Assistants  Kivas  Tully,  T.  C.  Thomas,  L.  C.  Jones,  J.  W.  Dorst, 
H.  P.  Ritter,  G.  W.  Wood,  and  H.  B.  Wood. 

The  field  work  of  topography  performed  was  executed  by  Mr.  C.  M.  Winchell,  as- 
sistant engiueer,  having  under  his  onlers  Assistants  C.  W.  Clark,  O.  W.  Ferguson^  H. 
B.  Wood,  L.  C.  Jones,  H.  W.  Kerr,  F.  B.  Maltby,  O.  A.  Orrman,  Moses  Greenwood,  jr^ 
G.  H.  French,  and  Recorders  D.  £.  Perkins  and  Isaac  Purcell. 

The  inspection  and  repair  of  gauges  has  remained  in  charge  of  Assistant  John  Ewcna, 
and  the  parties  making  discharge  observations  were  in  charge  of  Assistants  £.  £.  Has- 
kell, G.  W.  Wood,  A.  H.  Weber,  J.  W.  Dorst,  Homer  P.  Ritter,  and  M.  K.  Bowen. 

FIELD  WQrRK  OF  TOPOGRAPHY  AND  HTDROORAPHT. 

This  consisted  of  the  completion  of  topography  below  Cairo,  with  a  line  of  levels, 
filling  in  the  gap  existing  between  the  point  near  the  Kentucky-Tennessee  state  line 
where  work  of  the  preceding  seasou  ended  and  Caruthersville,  Mo.,  dosing  on  the 
npper  limit  of  Assistant  L.  L.  Wheeler's  work  of  18d3-'84,  a  distance  of  abont  ^  miles; 
of  the  completion  of  the  survey  of  Reelfoot  Lake  and  the  bluffs  behind  it.  be^pn 
the  year  ben)re,  and  of  a  survey  from  Grand  Tower  down  to  Hacker  Tow  head,  25  milet 
above  Cairo,  a  distance  of  about  52  miles,  and  extending  down  the  right  bank  ts 
Buffalo  Island,  half  a  mile  farther.  A  field  report  of  this  work,  made  by  Mr.  Winchell 
June  12,  18H5,  is  appended  heruto,  and  attention  is  invited  to  it  and  to  its  attached 
list  of  bench-marks  established  from  Grand  Tower  to  Buffalo  Island. 

PKEPAUATION  AND   PUBLICATION  OF  MAPS. 

From  the  date  of  the  last  report  of  the  secretary  to  the  end  of  the  fiscal  year  ths 
following,  adapted  from  a  memorandum  furnished  by  Mr.  Ockerson,  assistant  engi* 
neer,  shows  the  ])rogreHH  made  in  this  department.  Eleven  det-ail  charts,  scale  1 :  10,000, 
extending  from  the  head  of  Bordeaux  Chute  to  Saint  Louis  Landing,  a  distance  ii 
71  miles,  have  betMi  finished  except  the  titles  and  notes.  The  topographical  signs 
have  been  printed  on  nineteen  charts  in  addition  to  the  above.  Eighteen  detail 
charts  have  been  projected,  and  sixteen  of  them  have  been  transferred  and  the  oat- 
lines  have  been  inkecl.  Twelve  of  these  charts  lie  between  Grand  Tower  and  Cairo, 
and  six  lie  between  New  Madrid  and  Caruthersville.  The  latter  were  also  lettered. 
Twenty-three  detail  charts,  scale  1:  1U,(MK),  covering  the  following  Old  River  lakfli 
and  tributaries,  have  been  ])rojected  and  Hnished,  with  the  exception  of  titles  and 
notes:  Bayou  de  Chien  and  bliitVs,  below  Hickman,  Ky. ;  Flower  Lake,  Beaver  I^un 
Lake,  Moon  Lake,  Horseshoe  Lake,  and  bead  of  Siintlower  River,  Lake  Lee,  Bunch'l 
Lake,  Lake  Providence,  Eagle  Lake,  Yazoo  Lake,  Lake  Saint  Joseph,  Lake  Brai% 
Lake  Saint  John,  and  Lake  Concordia,  each  in  one  chart;  Saint  Francis  River  from 
opposite  Walnut  BtMid  to  mouth.  Palmyra  Lake,  and  Red  River  from  opposite  Black 
Hawk  lianding  to  mouth,  eaeh  in  two  charts,  and  Reelfoot  Lake  in  three  charta 
Four  sheets  of  the  series  on  a  scale  of  1  to  20,000  have  been  published ;  two  of  them 
are  in  the  vieinity  of  Saint  Louis  Lauding,  and  two  covering  the  Lake  Providence 
Reach.  Nine  sheets  of  this  seiies  have  been  published  so  far,  and  the  material  h« 
been  j>n?])an'd  for  thirty  others.  These  two  items  embrace  that  portion  of  the  river 
extendin«<:  from  Island  No.  (>;{  to  Donaldsonville,  a  distance  of  550  miles.  The  index 
charts,  titles,  and  scales  for  the  same  series  for  twenty-eight  sheets  above  Island  27o. 
63  have  also  been  eonipleted. 

The  positions  of  stone  line  bench-marks  have  been  computed  and  tabulated  froia 
New  Madrid  to  (!arnthersvil1e  and  Saint  Louis  Landing  to  Leota.  This  embraces 
some  fifty-six  stone  lines  and  two  hundred  and  twenty  bench-marks. 

Work  on  the  ]>reliniinaryehart— scale,  1  inch  to  1  mile — has  been  continued.  One 
sheet  near  the  Head  of  the  Passes  has  been  completed,  and  a  part  of  one  sheet  near 
Donaldsonville.  One  title-page  and  one  sheet  of  notes,  table  of  distances,  Slc  ,  have 
been  engraved.  Three  imlex-shoets  have  been  prepared  for  photolithographing.  Six 
sheets  from  Jackson's  Point  to  Donahlsonville,  one  sheet  at  the  Head  of  the  Passes, 
and  two  sheets  of  titles  and  notes  have  been  i»rinted. 

A  map  of  the  Alluvial  Val1<>y  waseommenced,  which  will  show  the  area  overflowed, 
and  will  exhibit  sections  across  the  alluvial  region  referred  to  the  level  of  the  gulf 
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A  datum  plane,  and  the  water-snrface  of  the  overflow  of  1882  will  be  indicated  npon 
ihe  sections.  The  map  will  iu  addition  show  the  lines  of  levees  in  existeucei  besides 
other  features  of  note,  and  will  ^ive  much  information  of  interest  and  value.  The 
map  comprises  eight  sheets,  each  22  by  29  inches,  on  a  scale  of  1  inch  to  5  miles,  and 
extends  from  Cape  Girardeau  on  the  north  to  the  Qulf  of  Mexico,  and  is  of  sufficient 
width  to  embrace  the  several  basins  of  the  lower  river.  The  river  and  adjacent  detail 
is  derived  from  the  recent  surveys  made  by  the  Mississippi  River  Commission,  Qeneral 
Comstock  and  the  United  States  Coast  Survey ;  the  transalluvial  profiles  are  firom 
Bnrveys  of  the  Mississippi  River  Commission,  Humphreys  and  Abbot,  and  railroads. 
The  remainder  of  the  map  is  derived  from  maps  of  various  kinds,  embracing  the  best 
data  extant.  It  will  soon  be  ready  for  printing.  The  following  summary,  indicating 
the  condition  and  progress  of  the  work  upon  the  charts,  is  of  interest. 

The  outline  series  embraces  shore-lines  and  soundings,  with  a  strip  of  sa^  200  or  300 
meters  of  topography,  from  Island  No.  1  to  the  head  orFrame's Chute^oining  General 
Comstock's  previous  survey,  36  charts ;  from  Commerce  Cut-off  to  0.  K.  Lanmng,  join- 
ing General  Comstock's  previous  survey,  4  charts ;  and  from  Delta,  Miss.,  to  Saint 
Louis  Landing,  joining  at  its  upper  end  General  Comstock's  previous  survey,  5  charts ; 
making  a  total  of  45  outline  charts,  of  which  14  are  completed  with  titles,  notes,  &,o., 
and  31  require  only  the  titles  and  notes. 

The  topographical  series  cover  the  region  from  Island  No.  1  to  the  head  of  Frame's 
Chute,  34  charts;  from  Commerce  Cut-off  to  Donaldson ville,  101  charts;  and  from 
Grand  Tower  to  Hacker  Towhead,  12  charts ;  making  a  total  of  147  charts,  of  which 
100  are  finished  except  titles,  «&c.,  tbe  conventional  signs  are  required  on  28  charts, 
the  lettering  on  10  charts,  the  outlines  are  yet  to  be  inked  on  2  charts,  and  the  titles, 
notes,  &c.,  are  required  on  all  of  them. 

The  Old  River  Lakes  comprise  23  charts,  all  of  which  are  finished  except  titles,  &c. 
The  series,  on  a  scale  of  1  to  20,000,  will  comprise  67  charts  besides  index,  titles,  &«., 
of  which  9  are  published  and  the  material  is  prepared  for  30  others,  all  below  Island 
63,  and  the  index  charts,  titles,  and  scales  for  28  sheets  above  Island  63  are  completed. 

The  preliminary  map,  scale  1  inch  to  1  mile,  comprising  32  sheets,  3  index  sheets, 
and  2  sneets  of  titles  and  notes,  is  all  printed  except  the  3  index  sheets,  now  ready 
forphotolithographiug,  and  the  series  will  be  complete  for  distribution  in  a  few  weeks. 

Tne  compilation  of  stone  line  bench-marks  is  completed  from  Cairo  to  Leota,  512 
miles,  leaving  the  372  miles  from  Leota  to  Donaldson  ville  yet  to  do. 

The  series,  on  a  scale  of  1  to  10,000,  will  comprise  215  manuscript  charts,  of  which 
168  are  finished  except  titles,  <&c. 

In  this  department  the  printing  of  conventional  signs  upon  the  manuscript  maps, 
alluded  to  and  xlescribed  in  the  last  annual  report,  has  been  continued  and  perfected, 
and  it  is  the  intention  to  submit  a  supplementary  report  with  description  and  illus- 
trations compiled  by  Mr.  Ockerson,  the  chief  of  the  topographical  division. 

DISCHARGE  OBSERVATIONS.  ^ 

Preparations  for  tliis  work  were  begun  in  August,  the  principal  parts  of  the  meter 
plant  were  designed,  and  this  plant  and  three  iron  launches,  similar  to  those  prev- 
iously used,  but  having  double  engines,  were  ordered.  The  parties  were  in  the  field 
at  about  the  end  of  September,  bemg  stationed  as  follows  : 

Near  New  Madrid  (Point  Pleasant,  Mo.),  iu  charge  of  Assistant  E.  E.  Haskell. 

At  Helena,  iu  charge  of  Assistant  A.  H.  Weber. 

At  Arkansas  City,  in  charge  of  Assistant  G.  W.  Wood. 

At  Warrenton,  in  charge  of  Assistant  J.  W.  Dorst. 

At  Red  River  Lauding,  in  charge  of  Assistant  H.  P.  Ritter. 

At  CarroUton,  in  charge  of  Assistant  M.  K.  Bowen. 

The  observations  at  Red  River  Landing  embrace  measurements  of  discharge  of  the 
Mississippi  River  below  the  mouth  of  Red  River,  of  the  Atchafalaya  near  its  head, 
and  of  Old  River  between  the  Atchafalaya  and  the  Mississippi. 

W^ork  at  all  the  stations  was  continued  throughout  the  winter,  with  many  interrup- 
tions from  running  ice  in  the  upper  river  and  from  heavy  winds  and  fogs  below.  No 
appropriations  having  been  made  in  the  late  session  of  Congress,  the  cessation  of  this 
work  became  necessary,  and  at  the  end  of  March  the  withdrawal  and  disbanding  of 
the  parties  were  ordered,  the  services  of  Assistants  H.  P.  Ritter,  E.  E.  Haskell,  and  G. 
W.  Wood  being  retained.  The  reduction  of  the  notes  of  these  observations  is  now  in 
hand,  and  when  completed  the  results,  with  reports,  will  be  presented  for  publication. 

An  attempt  was  made  to  make  comparative  observations  for  discharge  with  meters 
and  double  tloats,  but  the  compulsory  withdrawal  of  the  parties  interrupted  them 
before  they  were  fairly  inaugurated. 

GAUGE  INSPECTION. 

Experience  has  demonstrated  that  the  records  of  a  series  of  gauges  become  very 
unreliable,  and  in  many  instances  entirely  useless,  unless  the  gauges  be  subjected  to 
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frcqnont  inspections  to  check  the  recorded  readings  of  the  ohservers,  to  replace  dis- 
turbed or  lost  sections  of  the  ^nugOH,  and  to  check  the  elevations  of  the  divisions  by 
connecting  them  in^trnmeii tally  with  established  bench-marks.  These  inspections 
have  been  made,  as  heretofore,  by  Assistant  John  Ewens.  who  determines  the  errofi 
if  any,  existing  in  the  elevations  on  the  gauges,  repairs  the  gauges  and  the  bulletins, 
and  reports  the  result  of  each  inspection  of  each  gauge  to  this  office,  by  which  the 
reported  readings  are  checked.  The  steamer  Patrol,  built  for  that  purpose  princi- 
pally, hud  been  used  for  visiting  the  gauges  up  to  the  end  of  April,  when  lack  of  funds 
compelled  no  to  lay  the  boat  up  and  disband  the  crew.  Since  that  time  arrangements 
have  been  made  to  visit  the  gauges,  making  use  of  the  i)assenger  steamers  and  other 
modes  of  travel.  Mr.  Ewens  takes  with  him  one  man,  to  assist,  with  a  level,  and  such 
smaller  tools  as  are  found  necessary,  a  maul,  driving-cap,  and  a  small  supply  of  lam- 
ber  being  sent  to  each  station  for  use  as  required.  Seven  gauges,  deemed  of  least  im- 
portance or  most  troublesome,  have  been  discontinued  from  lack  of  funds.  Weekly 
reports  are  rendered  by  each  observer,  the  readings  are  plotted  and  examined  in  the 
coraputiug  division,  and  any  found  in  error  are  reported  and  the  observer  culled  upon 
to  repeat  the  record. 

The  year  of  observation  of  the  tide-gauge  at  Biloxi,  Miss.,  ceased  on  June  10,  and 
the  property  pertaining  to  the  station  was  shipped  to  this  office. 

OPERATIONS  OF  THE  STEAMER  PATROL. 

The  report  of  the  Secretary  in  the  annual  report  of  the  Commission  for  1884  explains 
the  necessity  for  this  boat.  During  the  last  tiscal  year  it  has  been  used  for  transport- 
ing Assistant  Ewens,  in  charge  of  gauge  inspections,  from  point  to  point,  which  are 
its  regular  duties.  By  its  use  examinations  were  permitted' of  Wacerproof  Cut-off 
and  surveys  in  front  oVthe  Davis  and  Bonnet  Carr^  crevasses,  soundings  at  shoals  or 
crossings  were  made  in  July  and  August,  and  snags  discovered  in  the  channel  were 
reported.  Two  launches  were  towed  from  Cairo  to  Saint  Louis  for  repairs  in  Auj^ost. 
During  the  entire  month  of  September  and  up  to  the  middle  of  October  the  boat  was 
engaged  in  distributing  launches  and  quarter-boats  for  the  observation  parties,  trans- 
porting subsistence  and  supplies  for  the  topographical  party,  and  in  towing  the  new 
launches  from  Dubuque  to  their  stations,  passing  over  the  river  from  Saint  Lionis  to 
Vicksburg  and  return,  thence  to  Dubuque,  and  down  the  river  to  New  Orleans.  By 
its  use  low-water  benches  were  connected  below  Vicksburg  to  Red  River  Landing 
and  the  Commission  were  transported  in  an  examination  of  the  Atchafalaya.  (fi 
December  30  tlwi  boat  was  forced  from  Cairo  up  the  Mississippi  River  for  &  mile% 
and  returned  with  the  topographical-survey  boats,  which  were  in  an  nnsafe  location. 
With  the  Patrol  the  Secretary  made  an  inspection  of  the  field  and  office  work  at  the 
six  discharge  stations  in  January,  rating  the  meters  according  to  an  improved  motliod. 
The  steamer  was  used  in  March  t-o  transport  Assistant  L.  L.  Wheeler,  accompanied  by 
Assistant  F.  B.  Maltby,  down  the  river  for  the  purpose  of  making  experimental  ob- 
servations with  meters  and  double  floats,  and  wnen  the  observation  parties  were  re- 
called it  was  used  to  tow  the  launches  and  quarter- boats  of  the  five  lower  stations  to 
Twin  Hollows.  While  performing  these  special  or  incidental  duties  the  gauges  wen 
inspected  as  necessity  seemed  to  require,  and  repairs  made.  One  hundred  and  eleTsn 
ffauge  visitations  were  made  July  to  April,  inclusive,  none  being  made  in  September. 
The  number  of  visits  made  per  luonth  varied  from  five  to  twenty-four,  and  the  vImLU 
to  individual  gauges  iu  the  entire  time  varied  from  one  to  ten. 

Attention  is  invited  to  the  fact  that  when  the  survey  boat  Pioneer  was  sunk,  ai 
noted  in  Mr.  Winchell's  report,  several  of  the  assistants  lost  considerable  persooal 
property,  consisting  of  clothing,  professional  books,  &.c.  This  loss  was  incident  to 
the  service  upon  which  they  wen^  engaged,  was  entirely  without  fault  of  theirs,  and 
duo  to  causes  beyond  their  control,  and  remuneration  would  seem  to  be  but  Just  aad 
proper. 

The  failure  of  additional  ai)propriations  has  rendered  a  reduction  of  force  neofl^ 
sary,  which  was  much  to  be  regretted,  and  has  caused  a  cessation  of  important  work, 
and  will  make  it  impossible  to  provide  for  valuable  observations  and  operations diU^ 
ing  the  coming  srason  and  in  the  next  period  of  high  water  and  probable  overflow. 
Other  matters  will  be  reported  on  from  time  to  time  and  reports  forwakrded  as  tht 
material  is  ))repMn'd  and  completed. 

Very  respectfully,  your  obedient  servant, 

Thomas  Turtle, 

Captain  of  Eftgipeertf 
Secntary  MisHsnippi  River  CommUtitm. 

General  Q.  A.  Gii.lmokr, 

President  Misffimppi  River  Commisnon. 
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Apj^oximaie  vdlue  of  plant  heUm^nq  to  ike  UniMStaim  and  U9ed  dy  ike  MUiia^ppi  Bkfit 
Commi$Hon  in  making  tmreifs  and  examinatUmB  of  the  MUtisiippi  Blver^  appn^^riaihm 
"Jii99ia9ippi  River  Commi$Hon.** 
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ReApeotfoUy  submitted. 


BAnrr  Louis,  July  23, 1885. 


Thomas  Tubtlb, 
Ckiptain  of  Engjmmn^ 
B&srekary  Miiuiuippi  Aver  Ccmmimom. 


0  1. 


REPORT  OV  C.  M.  WINOHXLL,  ABaiSTANT  XNaiNBBB,  ON  FIBLD  WOBK  OF  TOPOOB^HT 

Ain^  HTDBOaRAPHT. 

Ofviob  Mississippi  Biybb  Commission, 

28S8  Washington  Ayknux. 

SainiLouU^  Jwm  18,  1886. 

Sib  :  I  have  the  honor  to  Bubxnit  the  following  report  on  the  field-woric  of  the  top<^ 
graphical  party  under  my  direction  daring  the  season  of  1884-^85: 

In  obedience  to  instructions  from  Capt.  Smith  8.  Leach,  Secretary  Mlssiaslppi  BItw 
Commission,  I  left  Saint  Louis  September  27. 1884,  with  the  following  asostaats: 
C.  W.  Clark,  O.  W.  Ferguson,  H.  B.  Wood,  L.  C.  Jones,  H.  W.  Kerr,  P.  B.  Maltby,  O. 
A.  Orrman,  M.  Qreenwood,  jr.,  G.  H.  French,  and  recorders  D.  E.  Perkins  and  Isaac 
PurceU.    The  crew  had  been  ordered  to  report  at  Cairo  September  US. 

The  instructions  directed  me  to  go  to  Cairo,  DL,  take  the  quarter-boats  Tennessee 
and  Pioneer  and  tue  Frolic,  and  proceed  to  a  point  near  the  Eentaoky-TenneaBse 
State  line  to  resume  the  surrey  where  the  work  of  the  preceding  season  ended,,  and 
continue  the  same  down  the  river  to  Camthersyille,  Mo.,  dosing  on  the  upper  limit 
of  Assistant  L.  L.  Wheeler's  work  of  188^-^84. 

After  flmshinff  this  reach  I  was  directed  to  haye  the  boats  and  party  towed  to  Gmid 
Tower,  HI.,  «nd  make  a  survey  of  the  river  from  there  to  Cairoi  HL,  dosiiig  on  tiis 
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upper  limit  of  the  work  of  the  United  States  Lake  Survey  of  1876^77.  We  readied 
Cairo  September  28,  and  went  at  once  on  board  the  qnarter-boats.  The  Frolio  wason 
the  docks  undergoing  repairs.  I  therefore  engaged  the  tug  Ariadne  to  tow  the  boat% 
including  Mr.  Haskell's  qnarter-boat  Kentucky  and  iron  launch,  to  New  Madrid,  Ho., 
which  point  was  reached  ^September  30,  and  work  began  the  same  day.  Topographer 
French  and  three  men  were  landed  at  Hickman,  Ky.,  September 29,  with  instmctions 
to  proceed  to  Keelfoot  Lake  and  complete  the  survey  of  that  lake  and  the  bluffs  be- 
hind it,  which  was  begun  the  year  before.  The  Frolic  arrived  from  Cairo  October  14, 
the  party  having  been  deprived  of  the  services  of  a  tuc  for  fifteen  days.  One  of  the 
advantages  of  having  a  steam-tug  with  a  party  of  this  kind  is  shown  by  the  different 
rate  of  pro^^ress  made.  In  fifteen  days  without  the  Frolio  the  party  surveyed  17  miles 
of  river.  During  the  next  sixteen  days  with  the  Frolic  we  surveyed  29  miles.  This 
gain  is  chiefl}"^  due  to  the  saving  of  time  in  getting  the  field  parties  to  and  from 
work,  about  an  hour  being  gained  at  each  end  of  the  day. 

Mr.  French  rejoined  the  party  October  15,  having  finished  the  survey  of  Reelfoot 
Lake  and  connected  it  with  the  main  river  survey.  It  was  found  necessary  to  carry 
a  system  of  tertiary  triangulatiou  over  this  entire  reach,  to  check  the  stadia  work, 
the  Eecondary  trinngulution  stations,  which  were  built  in  1879-*80,  beiu^  all  caved 
in  the  river  or  destroyed  except  two  at  Island  14  and  two  at  Island  15. 

The  survey  was  completed  to  Caruthcrsville  November  1,  previous  to  which  date  I 
had  been  directed  by  Captain  Loacli  to  wait  at  Caruthcrsville  for  the  steamer  Oakland 
to  tow  tlic  quarter-boats  to  Grand  Tower.  The  Oakland  arrived  and  took  The  boats  in 
tow  on  the  eveninj;  of  November  6,  the  time  between  the  1st  aud  6th  being  occupied 
by  the  party  in  office  work,  repairing  and  painting  skifl's  and  stadias,  scrubbing  quar- 
ter-boats, and  getting  up  a  HU])ply  of  stove- wood.  About  10  p.  m.,  October  C,  when 
about  one  mile  below  Point  IMeasant,  Mo.,  the  Pioueer  ran  uud^r  and  sank,  one  end 
and  part  of  onesitleof  the  cabin  being  carried  away.  The  sinking  was  caused  by  pull- 
ing out  of  an  eddy  to  ]>as8  a  i)n)jocting  clay  ])oint  and  suddenly  encountering  a  very 
rapid  current.  There  were  a  dozen  men  on  the  Pioneer  at  the  time  of  the  accidenL 
part  of  them  in  bed.  all  of  whom  escaped  by  climbing  out  through  the  sky -lights,  and 
were  picked  up  in  skill's.  We  then  succeeded  in  landing  the  wreck  of  the  Pioueer  near 
Lazclles  I^anding,  Missouri,  when  I,  with  Topographer  Ferguson  and  three  men  went 
ashore  to  recover  what  property  we  could  from  the  wreck,  all  of  the  surveying  inBtni<* 
ments,  transits,  theodolites,  levels,  and  level-rods  being  on  the  Pioneer,  besides  a  good 
deal  of  personal  property.  The  Oakland  went  on  up  the  river  with  the  other  boati 
and  the  party,  in  charge  of  Assistant  C.  W.  Clark.  November  7  we  recovered  all  the 
instruments  except  one  Stackpolo  transit,  and  sent  them  at  once  to  Grand  Tower  in 
charge  of  Mr.  Ferguson.  November  8,  the  United  States  steamer  Mississippi  arrived 
and  raised  the  Pioneer  when  the  missing  transit  was  found  under  a  stove.  The  Pio- 
neer and  what  property  was  saved  on  her  was  left  with  Assistant  E.  £.  Hnskell,  who 
was  stationed  at  Point  Pleasant,  and  whose  receipt  I  took  for  the  same.  I  left  Point 
Pleasant  November  10,  and  rejoined  the  ])arty  at  Grand  Tower  November  12,  stopping 
one  day  in  Cairo  to  arrange  for  the  towing  to  Grand  Tower  of  the  quarter-boat  Mif 
sissippi  to  take  the  place  of  the  Pioneer.  The  party  reached  Grand  Tower  November 
6,  ancl  began  work  Monday,  November  10,  a  part  of  the  men  being  quartered  at  fitfm- 
Louses  until  the  Mississippi  arrived  November  17. 

December  9,  Topographer  Maltby  was  taken  sick  with  malarial  fever,  and  on  De* 
ecmber  19,  was  sent  home  on  sick  leave.  Recorder  Perkins  also  went  home,  sick,  oo 
December  24. 

December  17  the  survey  was  completed  to  Hacker  Towhead,  below  Commercial 
Point,  Illinois,  on  which  date  ice  began  to  run  in  the  river  rendering  it  impossible  t* 
croKs  the  river  in  a  skiff  afterward  fur  several  wdeks. 

The  work  on  the  right  bank  was  carried  down  to  Buffalo  Island,  closing  on  ston^ 
line  No.  6,  but  there  was  no  field  work  done  after  December  18. 

From  December  18  to  December  30,  the  assistants  were  engaged  in  reducing  field 
notes,  plotting,  &.c.,  and  the  crew  in  felling  and  hauling  trees  from  the  neighboring 
woods  to  bnild  log  booms  to  prevent  the  boats  from  being  cot  down  by  the  ice. 

December  :iO,  th(^  lJnit<>d  States  steamer  Patrol  arrived  with  Captain  Leach  on  boaid 
and  the  boats  were  taken  to  Cairo  and  laid  up.  The  party  was  paid  off  and  disbanded 
December  31,  when  1  returned  to  Saint  Louis  with  the  assistants  who  were  retained. 

TOPOGRAPHY. 

The  usual  topographic  features  were  locatecl,bayous,  sloughs,  swamps,  fields,  nuulB^ 
and  bouses,  tlie  eirvation  of  the  ground  being  dtitcrniined  by  vertical  angles  at  nearly 
every  point  wliirh  was  located  to  aid  in  sketelii/ig contours. 

From  Se|iteml)er  30  to  November  1,  Miere  wero  twenty-nine  working  days.  The 
total  urea  surveyed  was  lb\l^  s(|iiaru  miles  or  5.3  square  miles  per  working  day.    Tii0 
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length  of  main  river  surveyed  is  46  miles,  which  gives  a  daily  rate  of  progress  of  1.6 
miles. 

On  the  upper  reach,  Grand  Tower  to  BnfTalo  Island,  the  river  follows  the  bluffs  on 
the  right  bank  to  Cape  Girardeau,  where  there  is  an  opening  in  the  bluffs  extending 
to  Gray's  Poiut.  Tbin  opening  has  a  river  front  of  4  miles  and  is  the  first  outlet  for 
the  Mississippi  River  floods  to  the  Saint  Francis  Basin.  From  Gray's  Point  theblnflii 
border  the  river  on  both  sides  for  a  distance  of  7  miles  to  Commerce,  Mo.,  where  they 
leave  the  river.  On  the  left  bank  the  bluffs  from  Grand  Tower  to  Sexton  Creek  are 
from  3  to  5  mileb  east  of  the  river.  This  line  of  hills  was  also  located  as  well  as  nu- 
merous creeks  and  lakes  between  the  bluffs  and  the  river.  On  this  reach  of  river  the 
total  area  surveyed  was  159  square  miles.  From  November  10  to  December  17  we 
had  thirty-two  working  days,  on  two  of  which  it  rained  all  day.  This  gives  an  area 
of  5.3  square  miles  surveyed  each  working  day.  The  length  of  main  river  is  52  miles, 
or  1.7  miles  per  day.  The  secondary  triangulation  stations  upon  which  this  survey 
was  based  wore  so  far  apart,  and,  on  the  east  side  so  far  back  from  the  river  that  A 
tertiary  system  was  carried  over  the  eutire  reach,  except  that  part  between  Gray'a 
Point  and  Commerce,  Mo. 

HTDROGRAPHT. 

Three  hundred  and  eighty-nine  cross-sections  were  sounded  and  a  longitudinal  line 
along  the  channel.  The  soundings  were  located  by  double  sextant  angles,  the  observ- 
ers being  in  the  sounding  cutter  and  reading  angles  between  signals  on  shore  which 
had  been  located  by  the  topographers.  Caro  was  taken  to  get  many  more  soundings 
on  shoal  crossings  than  elsewhen*.  The  deepest  water  found  was  op])osito  Grand 
Tower,  112  feet,  and  the  slioalest  section  at  Crawford's,  above  Neely's  Landing, 
where  9  feet  was  the  best  water  at  the  time  of  making  the  survey.  Beaver  Dam 
Rock,  opposite  Burnhani's  Island,  is  nearly  in  the  channel  of  the  river  at  that  point. 
At  low  water  it  projects  3  feet  above  the  surface,  and  is  a  dangerous  obstacle  to  navi- 
gation a  Iaro;e  part  of  the  year.  It  could  easily  be  blasted  out,  being  probably  a 
Lu'ge  detached  bowlder. 

LEVELS. 

On  the  lower  reach  a  continuous  lino  of  levels  was  run  on  one  bank  and  river  cross- 
ings made  at  each  stone  line  to  determine  the  elevations  of  the  8t>oues  furthest  back 
from  the  river,  which  had  not  previously  been  done.  Where  tlie.KO  stones  had  been 
destroyed  new  ones  were  set,  and  the  position  and  elevation  of  the  top  of  the  stone 
determined.  The  elevation  of  the  top  of  the  bank  and  of  the  water-surface  was  de- 
termined at  each  sounding  section.  All  water-gauges  and  well  established  high-water 
marks  were  connected  with. 

On  the  upper  reach  two  lines  of  levels  were  rnn  most  of  the  way,  one  on  each  bank, 
checking  each  other  by  watcr-snrfiices  and  by  river  crossings  at  each  stone  line. 
Seventeen  stone  lines  were  established  on  this  reach,  the  positions  and  elevations  of 
the  tops  of  the  stones  being  well  determined.  Bench-marks  were  also  ma<lo  of  trian- 
gulation stations,  and  stones  set  by  other  parties.  All  bench-marks  depend  for  their 
values  on  precise  bench-marks  previously  established  by  the  Mississippi  Kiver  Com- 
mission, and  are  referred  to  the  Memphis  Datum  Plane. 

R^SUM^. 

Miles  of  river  surveyed 98 

Square  miles  topography ^. 248 

Square  miles  hydrography *- 54 

Square  miles  total  area 302 

Number  of  soundings 21,088 

Number  of  sextant  angles 9,961 

Number  of  working  days 59 

There  are  yet  25  miles  of  river  to  survey  to  finish  the  work  assigned  to  the  party 
last  year. 

Very  respectfully,  your  obedient  servant, 

C.  M.  WlNCHELL, 

AtnataiU  Engineer, 
Capt.  TnoMAS  Turtle, 

Stvrctary  Mibsisnijjpi  Eiver  Commiaaiom, 


2896      REPORT  OF  THE  CHIEF   OF  EHG1NEBR8,  U.  8.  AXUJ. 
Tdbh  of  bench-jnarki  eilablithed,  Grand  Tourer  io  Buffalo  Iiland. 


KM." 
B.M.* 

aM.»J 

B.u.y 


^  *■■-„■ 
B-U.^ 
B.M." 
B.M." 


B.M." 


B.  M. ', 
B.M.  ?■ 
BM.? 


It  nill«  kbore  Snuid  T 


1  mile  below  moiitbotBlcUnddylUTt 


t  mlla  bplow  montli  of  Apple  C 
]  mile  IwIdw  Spring  LudioE,  H 


3S5.!B=«tODe 


1  mile  brlDv  Dog  Cnek. . . 
It  mUfl  baloir  Meel^'i  Lu 


i  mile  bslDwIndtan  Creek 

OppoHlte  UoDOuiu  Bpriaga  Xdutdisg' 


InUlHonri. 
InnUnoU. 


On  Onod  Towec  I-lind. 

InQllDoli. 


In  UImouiI, 
Inllllnob. 


ImllebelairUaoiMMinSpriagi  Landing 
(mile  below  Balnliridge  Landing. 


.  mils  Bbore  bead  of  Deiil'i . 


1  mile  below  Poe'e  Landing 

do f 

i  mile  below  foot  of  DarU'e  IiLud.  j 
do 

1  mils  aboro  Cape  Hook i 

1  mile  below  Waboo,ni j 

do 

a  miles  bulow  Cape  Ginrdean f 

do 

'" i 

Oppoelle  Graj'i  Point 5 


aa^itono 

48=plpe 

|lnIIlinol«. 
Do. 

31 

InUiBiouri. 

a3=et«ne 
l)0=pipe 
M 

Inmiiiola. 
Do. 

eg 

luMiHwnrt. 

M=pipe 

iln  nildoia. 
Do, 

38 

Id  MlMmiri. 

««=Btane 
IB=p!pe 
70=,tone 
eo=p!pe 

^OnlnftbankofFl 

Do. 

*.=Jlpe 

|lD  Uluonri 
|ln  llllnoia. 

APPENDIX  W  W — REPORT  OF  MISSISSIPPI  RIVER  COMMISSION.     2897 

Table  of  bench-marks  establiahedt  Grand  Tower  to  Buffalo  Island — Continued. 


Designation. 


11 

2 

10 

2 

10 

3 

9 

2" 

9 

3 

8 

1 

8 

2 

8 

3 

8 

4    

7 

1 

7 

2 

7 

3 

7^ 

4 

6 

3 

B.M.  ^  

4 

A  Simpson  249. 

•Flag  42 

•Flag  43 


B.M. 
B.M. 
B.M. 
B.M. 
B.M. 
B.M. 
B.M. 
B.M. 
B.M. 
B.M. 
B.M. 
RM. 
B.M. 
B.M. 


Locality. 


do 


I  mile  below  Tbebe«. 
do 


1  mile  above  Santa  F6 

}  mile  above  Commerce j 

1|  milea  above  Atherton  Landing. . .  j 


do 


2|  miles  below  Commerce 

do 

1  mile  above  Commercial  Point < 


{ 


Blevation. 


do 


On  Powers  Island 


do 


I  mile  below  Price  Landing. 


do 


1|  miles  above  Grand  Tower  . . 
1  mile  below  Big  Muddy  River 
I  mile  below  Hines  Landing  . . . 


•Flag  44. 


A  Indian  Creek 

•FUg45 

•Flag  49 

•  Flag  50 

•Flag  51 

•Flag  52 


•  Flag  5.3 

•Flag  54 

A  Cape  Girardeau 

•  Flag  55 

•  Flag  56 

•Flag  57 


150  meters  above  B.  M. 


19 
2' 


Backof  B.M.  ^?  on  blaflf 

3 

i  mile  below  Devil's  Tea  Table 

\  mile  below  Bainbridjze  Landing 

1  mile  below  head  of  Devil's  Island. . . 

1^  miles  below  head  of  Devil's  Island. 

1  mile  above  foot  of  Devil's  Island  . . . 


A  Cape  La  Croix. 
A  Grand  Chain  .. 

A  i*ay    

A  Hofner 

ABumham 

A  Athertou  


On  Cape  Rock 

Opposite  Cape  Rock 

In  upper  edge  of  Cape  Girardeau  . . . 

Opposite  Cape  Girardeaa 

3  miles  below  Cape  Girardeaa 

I  mile  south  of  B.  M.  -^ . . . 

On  Gray's  Point 

Opposite  Thebes  on  bluff 

1  mile  above  Thebes 

}  mile  above  Commerce 

Ou  Buruham  Island 

1  mile  back  of  Atherton  Landing  — 


Feet. 
340.23 

858.27 

353.00 

367.80 

360. 19=8tone 
355. 27B'pipe 

333. 17=stone 
338. 27=pipe 

340.47 

339.19 

333. 67=8tone  \ 
338. 76=pipe 

338. 75=stone 
343. 85=q[>ipe 

337.29 

Not  leveled  to 

do 
Not  det'rm*d 


Remarks. 


In  Illinois. 

Do. 
In  MissoorL 


do 


850.28 
855.14 
866.64 

855.06 

481.92 

503.66 
352. 46 
352.  05 
349.74 
346.91 

432.68 
350. 80 
439. 48 
346.94 
342.47 

344.35 

480.67 
4.39. 03 
473.67 
516.40 
338.79 
3:16.75 


In  lUinois. 
>In  Miasonri. 
hn  Illinois. 
On  Bnmh%m  Island. 
InMlBsoori. 

Do. 
|ln  Illinois. 

Do. 
In  Missonri. 

Do. 

Do. 

Do. 

Do. 
In  Illinois. 

Just  below  month  sf  Ap^ 
pie  Creek. 

In  lUinois. 

In  Missonri. 

Do. 

Do. 
In  Illinois. 
In  Missonri. 
i  mile  above  Big  Flora 

Creek. 
In  Missouri. 
In  lUinois. 
In  Missouri. 
In  Illinois. 
On  river  bank  in  Ifissonri 

In  Illinois. 

In  Missouri. 

Do. 
In  Dlinois. 
In  Missouri. 
In  Illinois. 

Do. 


*  Stone  set  by  triangulation  parties. 
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0  2. 

report  of  assistant  engineer  j.  a.  ogkerson,  on  mechanical  device  for 
printing  topographical  signs  and  letters  on  original  maps.  and  descrip- 
tion of  a  new  form  of  protractor  for  plotting  polar  co-ordinates. 

Office  Mississippi  River  Commission, 

iSaint  LouiBt  Mo,^  Jvne  IS,  18^. 

Sir  :  I  have  the  honor  to  submit  tlie  following  report  on  a  meohanical  method  of 
X)riuting  conventional  uigns  on  original  maps: 

In  my  re]>ort'  of  lant  year,  an  extract-  from  which  is  published  in  the  Commission 
Report,  1884,  page  41,  an  account  ih  given  of  the  experimeDt«  which  rcAuIted  in  i 
satisfactory  solution  of  that  part  of  the  problem  which  relates  to  the  production  of 
suitable  stamps  or  types.  Since  then  the  details  of  manipulation  have  been  solved, 
and  printing  the  conventional  signs  has  taken  the  place  of  the  former  tedious  method 
of  hand- work.  Thirty  charts  have  been  printed  so  far,  and  the  resnlts  Justify  the 
statement  that  the  device  is  satisfactory  both  as  to  the  quality  and  quantity  of  work 
done. 

The  device  as  now  used  consists  of  a  wooden  c^'liuder  3  inches  long  and  4  inches  id 
diameter,  covered  with  rubber  one-eighth  inch  thick,  and  around  this  is  fixed  a  very 
thin  electro tyi>e  shell  of  the  proper  sign,  aud  the  whole  provide<l  with  an  acyustabie 
handle,  which  gives  it  the  appearance  of  a  short  rolling-])in.  (See  Figure  I,  fp-«., 
wooden  roller,  r-Tj  rubber  backing  for  electrotype  shell ;  b-b,  electrotype  shell,  about 
as  thick  as  ordinary  letter  paper;  h-h  is  i\\e  adjustable  handle,  which  can  be  used 
with  different  rollers.) 

Figure  II  is  the  ink  roller  with  its  supporting  frame. 

The  rubber  backing  and  the  copper  shell,  which  is  very  thin,  gives  sufficient  elas- 
ticity to  admit  of  printing  through  a  stencil,  and  the  cylinder  on  which  they  an 
placed  inakcH  it  easy  to  apply  suttieient  preHsure  by  hand,  as  there  is  only  one  line  in 
contact  with  the  paper  at  a  time.  The  uize  of  the  cylinder  adopted  was* found,  alter 
experiments  with  various  sizes,  to  give  the  bent  results  for  easy  manipulation  by  hand. 

Before  printing  the  signs,  the  maps  are  all  drawn  in  outline,  and  the  lettering  it 
printed  on  them,  and  it  becomes  necessary  to  cover  such  detail  as  will  be  interfered 
with  by  the  signs.  On  the  solution  of  this  part  of  the  problem  the  success  of  the 
printing  process  very  largely  depended,  as  it  must  necessarily  be  quickly  And  easily 
done.  Alter  much  experimenting,  with  indiifcrent  results,  a  starch  pencil  waa  finally 
hit  upon,  which  satished  every  retiuirement.  A  hard  piece  of  common  starch  mbbed 
once  over  the  lettering  or  other  detail  will  prevent  the  ink  on  the  sign-roller  fit>m  ad- 
hering, and  after  the  signs  are  printed  the  starch  can  be  easily  brushed  off,  leaving 
the  matter  clear  and  Hharp. 

In  using  the  sign-printing  device,  the  first  step  is  to  prepare  stencils  of  the  siseaiid 
shape  of  the  dilferent  fields  or  kinds  of  vegetation  or  other  matter  which  it  is  desired 
to  represent.  A  thin  tracing  paper  is  the  best  for  this  purpose,  and  stencils  for  an 
entire  sheet  should  be  prepared  before  beginning  the  wort  of  printing.  The  ink 
should  be  the  best  quality  of  printers'  ink  that  will  dry  quickly,  and  it  staonld  be 
evenly  distributed  on  the  ink-roller  by  tirst  rolling  it  down  flat  and  smooth  on  a  piece 
of  glasH  by  means  of  a  hand-roller,  then  passing  tne  ink-roller  oyer  the  glass  plate  a 
few  times. 

To  ink  the  type  cylinder  the  latt«r  is  revolved  in  contact  with  the  ink-roller  till  it 
carries  sufficient  ink. 

In  order  to  get  a  uniform  impression  it  is  essential  that  the  table  on  which  the 
printing  is  done  should  be  perfectly  smooth  and  true,  as  a  ridge  would  show  itaelf  1B 
a  dark  streak  and  a  hollow  would  give  a  light  or  possibly  no  impression. 

When  everything  is  ready  for  printing,  the  stencil  is  laid  on  the  map  in  its  proper 
place,  and  the  type  cylinder,  properly  inked,  is  rolled  slowly  over  it,  snfflcieofc 
pressure  being  applied  to  the  handle  to  give  the  required  impression.  The  latter 
will  vary  with  the  quality  of  paper. 

It  is  evident  that  the  stencil  will  fix  the  shape  of  the  field,  and  if  the  latter  is 
smaller  than  the  surface  of  the  type  cylinder,  about  3  by  12  inches,  it  will  all  be 
printed  at  one  movement.  If  the  area  is  too  large  for  the  cylinder,  the  latter  mnst 
be  inked  and  the  rolling  process  repeated  till  the  required  area  is  covered.  The 
signs  which  are  in  straight  lines  and  regular  tigures,  such  as  cotton,  &c.,  can  easily 
bo  matched  by  insjiection,  as  the  roller  will  always  run  perfectly  true  if  atarteld 
properly  ;  for  the  otlier  signs,  like  woods,  sand,  &c.,'it  is  best  to  lay  a  strip  of  paper 
so  as  to  come  just  to  the  c;dge  of  the  ])rinted  portion,  and,  covering  it,  then  let  Uie 
cylinder  overlap  a  little.  For  sand  it  is  necessary  to  leave  a  narrow  strip  near  the 
water's  edge  to  he  put  in  by  hand,  as  the  stamp  can  only  give  a  flat  tint. 

A  sample  of  the  work  done  is  submitted  herewith. 

For  an  antiquarian  sheet  with  the  usual  amount  of  work,  say  18  by  40  inches,  itre- 


APPENDIX  W  W — REPORT  OP  MISSISSIPPI  RIVER  COMMISSION.    2899 

qnires  about  two  days  for  one  man  to  prepare  the  stencils  and  do  the  printing.    The 
same  work  wonld  employ  a  good  draughtsman  nearly  a  month. 

The  stamp  for  printing  letters  and  hgures,  which  is  mentioned  in  the  Commission 
Report  of  1884,  page  40,  is  a  valuable  ^juuct  to  the  sign-printing  device,  and  a  de- 
tailed drawing  of  it  is  also  submitted. 

Figure  1  is  a  front  view  of  the  instrument  with  the  type  holder  (t)  in  place.  A 
section  of  the  latter  is  shown  at  (a).  IMgure  2  shows  the  uase.  Figure  3,  the  piston 
with  the  type-holder  removed,  and  showing  a  section  (a);  the  spiral  spring  which 
lifts  it  to  its  proper  place  after  the  name  nas  been  printed  (5) :  the  guide  slot  (o) 
through  which  the  pin  (e),  Figure  1,  passes  ;  (d)  the  pin  which  holds  the  type  holder 
or  iigure-disks  in  place.  Figure  4  is  the  type-holder  detached  from  piston.  Figure  5 
is  a  figure-disk,  the  slots  in  which  are  of  a  size  suited  to  the  type  used.  Figure  6  is 
the  frame  which  is  cast  iu  one  piece,  and  sectious  are  shown  in  connection  with  it. 

Bv  the  use  of  the  two  devices  described  above  the  work  of  mapping  is  very  much 
facilitated.  In  a  large  series  of  maps  it  also  has  the  advantage  of  giving  uniform 
resnlts,  which  cannot  be  done  when  the  work  is  performed  by  many  different  hands. 
The  maps  can  be  made  for  about  one-third  of  the  cost  when  made  by  hand. 

Any  desired  style  can  be  made  use  of,  as  the  photo-electrotype  process  admits  of 
producing  stamps  from  the  work  of  the  best  draughtsmen. 

By  this  process  the  work  of  making  hydrographic  maps,  where  the  depths  are 
shown  by  different  shades  of  sanding,  becomes  very  simple  and  quite  rapid. 

The  rapiility  with  which  work  can  be  done  would  admit  of  its  being  used  on  origi- 
nal-survey plats,  thus  adding  very  much  to  their  value  by  giving  more  information 
as  to  the  character  of  the  lauds,  boundaries  of  swamps,  timber  areas,  &c. 

If  desired,  the  instrument  could  be  made  larger  by  using  mechanical  appliances  to 
give  the  necessary  pressure  ;  but  unless  the  amount  of  work  to  be  done  is  very  great, 
the  simple  device  mentioned  will  be  found  preferable. 

This  process  is  well  suited  to  work  which  is  to  be  reduced  by  the  photographic 
method,  or  the  map  maybe  published  directly  by  the  following  means:  Draw  the 
outlines  and  print  the  letters  and  figures  in  lithographic  ink  on  suitable  paper,  and 
transfer  the  same  to  zinc  or  stone.  From  this  take  a  light  impression,  called  an  off- 
set, which  will  show  in  faint  lines  the  outlines  of  the  transferred  map.  Print  on  this 
with  lithogni]diic  ink  the  conventional  signs,  and  transfer  to  the  plate  which  bears 
the  outlines. 

From  the  i)late  or  stone  thus  prepared  any  number  of  copies  can  be  struck  off.  It 
would  be  better  to  use  zinc  than  stone,  as  the  plates  could  be  filed  away  and  kept  aiB 
the  originals,  and  if  another  edition  should  be  required  it  could  be  made  nse  of. 
This  method,  used  in  conjunction  with  the  printing  device  described  above,  admits 
of  multiplying  copies  of  a  map  at  a  minimum  cost. 

In  the  case  of  land-survey  plats  above  noted,  if  the  originals  were  prepared  on  zinc 
as  described,  copies  could  be  furnished  at  a  small  fraction  of  the  cost  by  the  present 
method,  and  each  copy  would  have  the  advantage  of  being  free  from  errors  which 
are  apt  to  occur  iu  hand-made  copies. 

As  platting  of  surveys  is  closely  related  to  the  question  of  mapping,  it  may  be  of 
interest  to  give  a  brief  description  of  a  protractor  that  I  have  designea  for  doiuji^  this 
work.  It  IS  essentially  a  semicircular  protractor,  provided  with  a  needle-pointed 
pivot  at  its  center  and  having  the  stiaight  edge  graduated  so  that  distances  can  be 
measured  off  each  way  from  the  pivot,  while  the  angular  deflection  is  given  by  the 
graduated  circle,  reading  from  a  point  marked  on  the  paper. 

The  details  are  shown  in  a  drawing  submitted  herewith.  A  section  of  the  pivot 
plate  is  shown  in  Fig.  II.  The  bottom  of  the  plate  is  flush  with  the  bottom  of  the  pro- 
tractor, and  the  hole  F  is  at  the  center,  and  should  be  only  large  enough  to  admit  a 
fine  needle.  The  screw  D  has  a  hole  drilled  in  its  axis  to  admit  the  needle-point.  It 
is  also  split,  so  that  when  it  is  screwed  down  it  will  clamp  the  needle  firmly.  If  the 
latt«r  is  broken,  it  can  readily  be  replaced  by  a  new  one. 

In  addition  to  the  scale  on  the  beveled  edge,  a  diagonal  scale  is  also  provided  as 
shown,  and  we  have  in  one  instrument  all  the  requisites  for  rapid  and  accurate  plat- 
ting of  points  located  by  polar  co-ordinates  or  by  intersections. 

In  using  this  protractor  the  needle-point  is  placed  at,  say,  the  first  station,  and 
pressed  firmly  down. 

A  meridian  line  is  then  decided  upon,  and  a  point  is  marked  on  it  at  theonter  ed^ 
of  the  protractor  circle,  and  this  will  be  the  initial  point  from  which  the  angles  will 
be  rea<l.  As  azimuth  is  reached  from  the  south  around  by  the  west,  it  is  plain  that 
the  circle,  numbered  as  shown  and  revolved  about  the  pivot  till  the  proper  reading 
coincides  with  the  meridian  line,  will  give  the  direction  of  the  re<][nired  point  along 
the  graduated  diameter,  while  from  the  latter  the  distance  can  be  pricked  off.  A  point 
can l)e  platted  in  any  direction  without  lifting  the  protractor  from  its  position. 

In  going  to  the  second  station  it  is  not  necessary  to  draw  a  meridian  linethrongh 
it.  The  azimuth  between  the  first  and  second  stakes  being  known,  if  the  pivot  be  set 
at  the  latter,  and  the  protractor  revolved  so  that  the  straight  edge  coincides  with  the 
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line  passing  through  the  two  stakes,  then  the  point  on  the  oircle  corresponding  to  the 
azimuth  of  the  line  will  be  a  point  on  the  mendian  line.  This  point  beins  markedon 
the  paper  is  the  origin  for  the  angles  platted  from  the  second  station,  and  it  is  evident 
that  they  will  bear  the  proper  relations  to  the  points  platted  from  the  first  station. 

The  same  kind  of  pivot  attached  to  a  triangular  scale  will  facilitate  platting  where 
many  measurements  are  rec^uired  from  the  same  point  in  different  directions ;  or  it 
can  be  used  in  connection  with  a  paper  protractor  with  the  interior  portion  cut  ont^ 
the  pivot  of  the  scale  being  at  the  center. 

Both  of  these  instruments  have  been  tried  and  the  results  have  been  very  satisfaototr. 
The  platting  can  be  done  more  rapidly  than  by  any  method  we  have  heretofore  nseo, 
and  the  work  is  e(^ually  accurate.  It  also  does  awa^  with  the  use  of  cumbersome  tooli, 
such  as  rulers,  triangles,  &c.,  which,  in  field  platting  esjieoially,  are  hard  to  manipn- 
late. 

Very  respectfully,  your  obedient  servant, 

J.  A.  O0KBR8ON, 
V.  S,  A99i$tant.EHgimm'. 
Capt.  Thomas  Turtle, 

Secretary  Misaienppi  River  Camtnieeion. 


▲CCOMPANYINO  PLATES. 


'1)  Details  of  sign-roller  and  letter-stamp. 
[2)  Specimens  of  work  done  with  above. 
'3)  Drawings  of  protractor. 
,4)  Sample  of  lithograph  from  printed  signs. 
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report  of  assistant  engineer  l.  l.  wheeler  upon  reduction  of  ob6brya1ioms 
for  determining  elevations  and  slopes  of  high  and  low  water  bubfacm 
of  the  mississippi  river  between  cairo,  ill.,  and  carrollton,  la. 

Office  Mississippi  Riyer  Commission, 

Saint  Louie,  Mo„  Jwm  17,  1885. 

Captain  :  I  have  the  honor  to  submit  the  following  report  upon  the  reduction  of  ob- 
servations for  determining  elevations  and  slopes  of  high  and  low  water  snrfiJMBes  of  the 
Mississippi  River  between  Cairo,  111., and  CarroUton,  La. 

This  report  is  accompanied  by  tables  containing  the  results  of  the  redaction  of  all 
data|in  this  office  on  the  subject.  The  reductions  have  been  made  by  Mr.  T.  C.  ThomMi 
except  those  for  the  high  waters  of  1883  and  1884,  which  have  been  made  by  Mr.  John 
Ewens.  All  elevations  in  these  tables  refer  to  the  Cairo  Datum  Plane,  wtiich  is  a  pluM 
300  feet  below  the  reading  9.16  feet  on  the  Cairo  gauge.  Memphis  Datum  Plane, to 
which  topographical  elevations  are  referred,  is  13.13  Icet  above  Cairo  Datum  Plane. 
The  preliminary  elevation  of  Mean  Gulf  Level  at  Biloxi,  Miss.,  is  21.26  feet.         1 

The  following  table  gives  the  elevations  of  the  gauge  zeros: 


Gaufie. 


ji 
Elevation.  :; 


I 

Feet. 

Cairo,  111 290. 84 

Colnnibus,  Kv '  229.14 

New  Maarid.  Mo 276.04 

Cottonwood  Point,  Mo 2r>0. 62 

Fulton,  Tenn 228.55 

McmpliiH,  Tfnn :  208.97 

Mhoon'H  Landintr.  MiH8 1  18L48 

Helena,  Ark I  161.98 

Saint  LouIh  Landing,  Ark '  141. 27 

Mouth  Whit«»  Kivor,  Ark '  128. 73 

Arkansas  City,  Ark •  116.  35 

I 


Gauge. 


Greenville,  Miss 

Lake  Providence,  La  .. 

ViokHburg,  Miss 

Siiint  Joseph,  La 

Natchez,  Miss 

Red  Kiver  Landing,  La 

Port  Hickey,  La 

Baton  Kouge,  La 

Plaquomine,  La 

College  Point,  La 

CarroIitoD,  La 


Xlevatk^ 


Feet. 
lO&M 
«.« 
M.M 
6174 
HO 


U« 


21.  M 

San 


The  distances  given  in  the  tables  are  in  milrs  from  Cairo,  III.,  and  hftye  been  de- 
termined from  the  inch-to-thc-mile  series  of  maps  published  by  the  Missinippi  BiTW 
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48 
50 


APPENDIX  WW — BEPOBT  OF  MISSISSIPPI  BIVEB  COMMISSION.    2901 

Commission.  Each  point  of  olevation  has  been  looated  on  these  as  near  as  possible, 
and  the  nearest  tenth  of  a  mile  taken  as  the  distance.  The  name  of  the  nearest  place 
is  used  to  approximately  locate  the  point. 

All  elevations  of  water  sarfaces  have  been  given  in  the  tables,  however  erroneona 
they  may  appear  to  be  when  compared  with  elevations  above  and  below  them,  bnt 
in  computing  slope  all  elevations  known  to  be  doubtful  have  been  omitted.  The 
doubtful  elevations  are  not  in  sufficient  number  to  materially  detract  from  the  value 
of  the  tables,  except  in  those  of  the  low- water  slope  of  1883,  where  the  number  of 
erroneous  elevations  is  quite  large.  These,  with  the  large  number  of  points  for  which 
there  are  no  elevations  at  all,  very  materially  diminisn  the  value  of  the  low-water 
slope  for  that  year.  This  is  the  more  unfortunate  since  that  is  the  only  low- water 
slope  ever  taken  over  the  entire  river  from  Cairo  to  Carrollton. 

HIGH- WATER  ELEVATIONS  AND  SLOPES. 

In  the  following  tables  are  given  elevations  of  high  waters  for  the  years  1858, 1862, 
1867,  1874,  1876,  1880,  1882,  1883,  and  1884,  but  slopes  have  been  computed  for  the 
last  four  years  only,  on  account  of  the  small  number  of  elevations  available  for  the 
earlier  years.  The  elevations  for  high  water  of  1880  and  of  previous  years,  aside 
from  those  determined  from  gauge  readings,  were  determined  by  a  party  in  charge  of 
Assistant  Engineer  Arthur  Hider.  This  party  commenced  work  at  Cairo  November 
1,  1880,  and  reached  Carrollton  April  9,  1881,  in  the  mean  time  being  engaged  on 
other  work  as  well  as  determining  high-water  marks.  The  work  was  continued  to 
Biiras  Settlement,  76  miles  below  Carrollton,  but  no  lines  of  levels  have  been  run  over 
this  portion  of  the  river,  and  consequently  no  elevations  are  available.  The  marks 
were  made  permanent  at  the  dififerent  points,  generally  by  driving  a  large  nail  or  . 
small  spike  into  a  tree  at  the  height  of  high  water,  blazing  the  tree,  and  cutting  in 
the  wood  the  Hgures  denoting  the  year.  A  careful  description  of  each  of  the  marks 
was  mude  in  the  note-books. 

The  elevations  for  high  water  of  1882  were  determined  by  parties  in  charge  of  Assist- 
ant Engineers  Hunter  Stewart  and  J.  11.  Davis.  Mr.  Stewart  commenced  work  at 
Cairo  August  24,  1882,  and  continued  work  to  Ashton  Landing,  La.,  520  miles  from 
Cairo,  where  ho  was  taken  sick  December  13,  18t*2,  and  the  work  stopped.  The  work 
was  taken  up  by  Mr.  Davis  at  Vicksburg,  January  20, 1883,  and  completed  to  Carroll- 
ton April  5,  ISsii.  The  marks  were  made  permanent  in  the  same  manner  bs  those  of 
1880,  and  in  a  great  number  of  cases  are  at  the  same  localities  as  those  of  1880. 

The  parties  were  supnlied  with  postal  cards  on  which  were  printed  forms  for  re- 
cording how  niucb  the  high  water  of  188^)  was  above  or  below  the  established  marks 
of  1882.  These  cards  were  left  with  residents  in  the  vicinity  of  the  marks,  with  a 
requcHt  to  make  the  necessary  observation  and  forward  the  result  to  the  office  of  the 
Commission.  These  requests  were  quite  largely  complied  with,  and  the  high  water 
of  1883  has  been  determined  from  that  of  iSit  in  this  manner,  aided  by  the  gauge- 
readings.  The  high  water  of  1884  has  been  determined  in  the  same  manner.  Tlie 
elevations  determined  in  this  manner  have,  in  the  main,  been  satisfactory,  but  are 
not  entitled  to  the  same  weight  as  those  determined  for  the  high  waters  of  1880  and 
1882. 

The  following  table  contains  the  elevations  of  the  several  high  waters  at  a  few 
common  points  on  the  river : 
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LOW-WATER    ELEVATIONS  AND  SLOPES. 

The  obfiervationa  for  determining  low- water  slope  of  1880  were  made  by  a  party  in 
charge  of  Assistant  Engineer  Arthar  Hider,  between  October  8  and  20,  1880,  and  ex- 
tend from  Cairo  to  Commerce,  Miss.,  a  distance  of  270  miles.  These  observations  con- 
sisted in  leveling  from  the  water-surfaces  to  temporary  bench-marks  on  the  banks 
about  3  miles  apart  on  the  channel  side  of  the  river,  the  bench-marks  being  sabae- 
quently  connected  with  the  main  line  of  levels.  In  all  101  points  of  elevation  were 
taken,  but  of  these  4  elevations  proved  erroneous,  and  for  2  points  no  elevations  were 
obtained,  leaving  95  points  of  elevation  in  270  miles. 

In  reducing  the  observations,  after  the  correct  elevation  of  the  water-surface  at  the 
time  of  observation  has  been  obtained  from  the  level  notes,  a  correction  has  been  ap- 
plied to  the  elevation  for  oscillation  or  change  of  stage.  The  stage  of  the  river  at 
Cairo,  on  October  1,  was  7.96  feet.  The  river  rose  slowly  until  the  8th  when  the 
gau};o  road  9.40  feet ;  it  then  fell  slowly  until  October  15  when  the  gauge  read  7  feet ; 
it  rost*,  to  8.:{5  feet  on  the  17th,  aud  then  slowly  fell  till  the  oud  of  the  month.  At 
Memphis  the  river  rose  slowly  to  4.70  feet  on  the  10th,  and  then  slowly  declined.  The 
river  was  practically  stationary  at  Cairo,  October  8 :  at  New  Madrid,  October  9 ;  at 
Cotton wooil  Point,  October  10  (a.  m.),  at  Fulton,  October  10  (p.  m.),  and  at  Mem- 
phis October  11 ;  and  the  stage  indicated  by  the  gauge  readings  on  these  dates  has 
been  assumed  as  the  stage  to  which  the  observations  should  be  reduced.  The  ref- 
en^nee  stage  is  really  the  crest  of  a  small  rise,  and  corresponds  to  the  stage  of  9.40  on 
the  Cairo  gauge  supposed  to  move  down-stream  at  the  rate  of  3^  miles  per  hour. 

The  difference  between  the  reference  stage  aud  the  stage  at  time  of  observation  has 
been  applied  as  a  correction  to  the  observed  elevation.  The  stage  at  time  of  observa- 
tion has  been  determined  by  the  gauge  readings,  it  being  assumed  that  the  changes 
at  points  between  the  gauges  were  proportional  to  their  distances  from  the  gauges. 
An  nterpolation  has  also  been  made  for  the  change  of  stage  between  the  time  of  ob- 
servation aud  the  time  of  gauge  reading.  The  corrections  for  oscillation  are  given 
in  tke  tables,  the  maximum  correction  being  1.53  feet. 

Tlie  observations  for  determining  low-water  slope  of  1882  were  made  by  a  party 
in  charge  of  Assistant  Engineer  J.  H.  Davis,  between  November  1  and  30,  18^,  and 
extended  from  Commerce,  Miss.,  to  Natchez,  Miss.,  a  distance  of  431  miles.  These 
observations,  like  those  made  in  1880,  consisted  in  leveling  from  the  water-surface  to 
temporary  bench-marks  on  the  banks.  The  points  of  observation  were  distributed  with 
refeience  to  the  natural  features  of  the  river.  An  effort  was  made  to  include  either 
a  stiaight  reach  or  uniform  bend  between  consecutive  points.  Proximity  to  some 
pernaneut  bench-mark  was  also  sought,  this  being,  however,  a  matter  of  secondaiy 
importance.  In  all  119  points  of  observation  were  taken,  but  of  these  8  were  not 
coniiccted  with  the  main  line  of  levels,  leaving  111  points  in  a  distance  of  431  miles. 
There  were  no  elevations  found  to  bo  erroneous. 

During  thi>  time  these  observations  were  in  progress,  the  stage  of  river  changed  very 
little,  there  being  a  slight  rise  in  the  lower  portion  the  latter  part  of  the  month.  The 
elevations  of  water-surfaces  have  been  corrected  for  change  of  stage,  the  stase  to 
vrbich  they  have  been  reduced  corresponding  to  that  of  the  minimum  gauge  readings 
nt  Mhoon's  Landing,  Miss.,  and  Natchez,  Miss.  The  minimum  gauge  reading  at 
Mhoou's  Landing  was  6.90  feet  on  October  23,  and  at  Natchez  was  9.70  on  November 
6.  This  reference  stage  corresponds  to  the  reading  4.47  fe  t  on  the  Memphis  gauge. 
A  lower  stage  was  reached  at  Mhoon's  Landing  that  year,  but  it  had  no  relation  to 
the  stage  at  which  the  work  was  done. 

The  reference  stage  at  gauges  intermediate  between  Mhoon's  Landing  and  Natchez 
has  been  determined  in  the  following  manner :  It  has  been  assumed  that  the  rate  of 
travel  of  the  niiuimum  stage  was  uniform  from  Mhoon's  Landing  to  Natchez,  and  the 
date  of  its  arrival  at  any  gauge  computed  on  this  assumption.  The  gauge  reading 
at  tliat  time  was  taken  as  the  stage  of  reference  at  each  gauge.  The  dates  at  all  the 
i^aiiges  (correspond  to  the  times  of  minimum  readings,  except  at  mouth  of  White 
River  and  Arkansas  City,  where  the  readings  were  affected  by  a  rise  out  of  the  White 
and  Arkansas  rivers.  The  difi'erence  between  the  reference  stage  and  the  stage  at 
time  of  observation  has  been  applied  as  a  correction  to  the  observed  elevation  at  any 
point,  the  stage  at  time  of  observation  being  determined  in  the  same  manner  as  for 
the  low- water  slope  of  lf;80.     The  maximum  correction  for  oscillation  is  4.95  feet. 

The  observations  for  determining  low-water  slope  of  1883,  were  made  by  a  party  in 
charge  of  Assistant  Engineer  John  Ewens  on  the  steamer  Patrol  between  October  11 
and  31,  18d3,  and  extend  from  Cairo  to  New  Orleans,  a  distance  of  9(53  miles.  Obser- 
vations were  also  made  between  Saint  Louis  and  Cairo,  but  the  temporary  bench- 
marks have  not  been  connected  with  the  main  line  of  levels.  The  river  while  this 
work  was  in  progress  was  rising  throughout  its  length,  the  minimum  stage  having 
been  ])assed.  The  minimum  gauge  reading  at  Cairo  was  4.70  feet  on  September  30,  at 
Memphis  1.90  feet  on  October  2,  at  Vicksburg,  2.90  feet  on  October  6,  and  at  Carroll- 
ton  0.50  foot  on  October  15. 
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The  observations,  like  those  of  1880  and  1682,  consisted  in  leveling  from  the  watei 
surface  to  temporary  bench-marks  on  the  banks ;  but  in  doing  this  a  long^  rod  gradu- 
ated to  feet  and  attached  to  the  jack-staff  of  the  steamer  was  used  at  nearly  all  the 
points.  This  rod  was  provided  with  a  special  apparatus  at  the  foot  for  connecting 
with  the  water-surface.  The  points  of  elevation  were  chosen  at  the  bead  and  foot  of 
bends,  so  as  to  include  between  them  either  bends  or  crossings.  The  object  of  this 
arrangement  was  to  give  the  slope  on  the  crossings  and  in  the  bends  separately,  bat 
the  value  of  this  arrangement  is  partially  destroyed  by  the  number  of  points  for  which 
there  are  no  elevations.  In  all  279  points  were  established,  but  for  86  of  these  no 
elevations  have  been  obtained,  and  for  12  the  elevations  were  erroneous  and  have 
been  rejected.  No  work  was  done  by  this  party  along  the  Plum  Point  Reach,  but 
bench-marks  were  established  by  a  topoffraphical  party. 

The  observed  elevations  of  water-surfaces  have  been  reduced  to  a  stag^  of  river 
corresponding  to  the  minimum  gau^  reading  at  Cairo  for  the  year.  Were  there  no 
tributaries  below  Cairo  this  stage  m  traveling  down  the  river  would  arrive  at  e«ch 
gauge  at  the  time  of  minimum  reading  on  the  gauge,  and  the  time  of  its  occurrence 
would  be  indicated  by  the  gauge  record.  But  the  larger  tributaries  affect  consider- 
ably  the  readings  of  gauges  near  their  mouths,  and  this  method  is  not  applicable. 
The  time  when  the  reference  stage  passed  the  several  gauges  has  been  determined 
in  tho  following  manner:  The  distance  of  each  gauge  from  Cairo  and  the  day?  of 
the  month  from  September  30  to  October  15  were  set  off  along  two  co-ordinate  axes. 
The  whole  distance  from  Cairo  to  Carrollton  was  divided  into  stretches  by  the  ter- 
minal gauges  and  such  intermediate  gauges  as  were  not  liable  to  be  greatly  affected 
by  the  tributaries.  The  Greenville  and  Port  Hickey  gauges  were  selected  as  proba- 
bly fultilling  the  above  condition.  A  line  was  drawn  from  the  point  on  tlm  Ciiro 
line  representing  the  time  of  minimum  reading  to  the  point  on  the  Greenville  Une 
representing  the  time  of  its  mininmm  reading.  Assuming  the  rate  of  travel  of  the 
reference  stage  to  be  uniform  from  Cairo  to  Greenville,  this  line  will  intersect  each 
gauge  in  the  point  reproHenting  the  time  at  which  the  reference  stage  passed  ihat 
gauge.  The  other  stretches  were  treated  in  the  same  manner.  These  lines  intersect 
the  gauges  at  or  very  near  the  times  of  minimum  readings,  the  maximum  divcrg«nce 
being  at  Red  River  Landing  where  the  time  of  reference  stage  is  two  days  afterthe 
time  of  minimum  reading,  and  the  stage  0.35  foot  above  the  minimum.  The  rale  of 
travel  of  reference  stag«  varied  considerably,  being  119  miles  per  day  fh>m  Caiv  to 
Greenville,  47  miles  per  day  from  Greenville  to  Port  Hickey,  and  40  miles  perday 
from  Port  Hickey  to  Carrollton. 

The  reference  stage  being  detcnnined,  the  corrections  for  oscillation  have  been  de- 
termined in  the  same  manner  as  for  1880  and  1882.  It  will  be  seen  from  the  t.ables 
that  the  correction  for  OH<>illation  varies  considerably  in  the  length  of  the  river.  be> 
ing  3.15  feet  at  Cairo,  2.07  feet  at  Memphis,  6.05  feet  at  Arkansas  City,  4.75  feet  at 
Lake  Providence,  .').76  feet  at  Vicksburg,  5..%  feet  at  Red  River  Landing,  and  1.30  fenl 
at  Carrollton. 

Very  respectfully,  your  obedient  servant, 

L.  L.  Wheblbr, 
In  Charge  Computing  DitMon. 

Capt.  Thomas  Turtle, 

Secretary  Mistissippi  River  Commission, 
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I  SHlnt  JiiH-nh.  Id K. 

I I  RiHlni-y L. 

)     Bri'WH  Idndlus I  K. 

I     Kfniii'ti  Idn.lln;r R. 

I      Hrlnw  WHiarnnHif K. 

I  ,  r.rnn-ii«  Gr.iv« L. 

I  ,  ('olr'HrwkLundlh"...    L. 

I  i  A1i,>v«  I/Arjo'St I  R. 

I     L'Arurnl  LanillnE I  H. 

I  I  OilM..n'ii  Undlni R. 

'  !  OpiMxIfOnml  Uope....    L. 
I     Stucyi-laptutian R. 

>  ■■  irauilici L. 


481.  Gi   i:ii.4 

4«.7'    Vii.-l 

tin.  5    lai.  0 


.       1.4l|      2.8     .IM   ITOT.  I 

fa     11li.0<l^    1.17:      i.t.    .Ul 


itiLia 

114.  Til 

iia.M 


1.01  111.37 

i.wi  n>R.in 

J.M-  101. SM    l.Htfi 

l.-Jl.  108.77       .sa 

].£!  1<».Mi      .111 


1U2.1D     0.M 


.781      3.8     .aiTl... 


.178  Nov.  19 


.W      8.1'    .138.. 


87.  to 

si.0;; 


00.211     ].t3       1.7     . 
U.St    8.W      3.6     . 


irilia     l.M      4.8     .301:  Xu« 


77,  M     ; 
77!  711     ■ 


SB 

S5S 

8^*. 

(151. 

b.-i 

-om; 

83.311     3.K>      S*. 


8S|      1.8     .Ml    . 


'    0.88      3.1     .311;   MoT.nlBLB. 


.1LBK  U.1I|  3.8 

1>i74  l.Rt!  1.1' 

t9.SS\  L83  7.0 

t7.0!i  LIT-  B.a 


*  Befirenw  Iwntb 


a.8     .IMi  Dao.     1  I  7p.^ 
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Tiibki  aj  highland  tovr  ioal«r  dtvatiomt  aiwi  llope*,  ili*lillippi  Biver — Contina«d. 
LOW-WATBB  SLOPE  OF  ISO. 


^11"  lill  |!|ilir 

S  :  a     I  o       I  '-"S    "       '  ^ 


IjfUM.I     /'ML     I 


'    2W.flS|— 3.» 


Fit.     Fit.  Milt. 


I   I' 


Foot  of  I'l 

olne} 

B^V.. 

1 

■.-('lindtng" 

,Hryant>  Poin 

1 

ll™.?sLi.ndliiK 

! 

I    21.2     »5.0S     : 


!et.8«   3.  as 

«LTa    0.14 

!»i.Ta    0.02' 


tss.in    3.2ii\   ■ai.3» 


284.  Ul  3.  UH  280.  es, 
2ie  04  :i.  OS  278.  W 
2M.M     3l03     27fl.03! 


Luk-IIh'a  I.HDiiInc 

AbovKTiploHvllT,    .... 

[„ 

I, 

I. 

ss'fr,',--n,... 

K7S.2S 

270.24 

2.88 

ma! 

2M.71 

■3:00 

■Mire! 

■fit 

2M.4B  2.»T  282. »:    . 

363.02  2.1)3  202.09     I 

201.22  2. 93  'is^.m    : 

260.81  2.811  2S7.42,    i 

258.3U  2.01  2U.4ti 

258,53  2.89  25«.«4!.. 

2S4.  !12  2.80  2M.a2     : 

254.20  ZfUn  :M.82     < 
25.^  U2  2.  TO  252  Se  . . 

240.21  2!ei^  24s!bo'  .' 

247.81  2.57  245.04'    : 

24T.31  2.S2  244.79     I 


7!  Out    a     2  p.  m. 


W.  S4!    1.12      2.: 


0      .240' 

7'    ..i 

7|    .195' 

J  -S  ■:::-:■ 

!  S.::::.::: 

;,  ■"'1 

s ;  °°' " 

T^- 

iJi;:;;;;;;:: 

2  ;89s  dii'ii' 

ivsl:::::::::: 
5  :""c:::::::: 

;  J 

48     T,  !I.  of  O^ 


57  Hslr  mile  below  Hab- 

Jolph 

58  Klrhanlmm'B  LbdiHiie.  . . 

80  Bflov  Andrev's  LsDd- 

Bl  BetoirThamu''La'ndJ 

S2  CimniBLandme 

C3  Bmvljvitia  Itland . . . 


1  178.  S  ; 

.  180,0  231.  in  I 

I  183.1.  229.91  ' 


K.  I  19S.  1    228.  T<l 


,    R.     203. 8;  220. 3ti 


4  2U.25      2.02     283,23  V 


2.02  231.33  l.n 
2.02,  220,85;  l.SI 

2.03  227.88  l,r 

2,0*1  227,74  0,1' 

2,05  227.73  0,0 

2,08;  221. «4|  0,01 

2.0T  222.8B'  .... 

aoTi  218.  Ki  a.  8: 


.308    Ost.   18 


.108    Oct.  16 
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Tables  of  high  and  low  water  elevations  and  slopes,  Mississippi  Bitftft — Continned. 

LOW-WATER  SLOPE  OF  1883— Continued. 


s 
o 

S 
« 


o 


Locality  of  station. 


CO 


:i 


64 ; 

65  I 

66 

67 

68  I 

69  I 
70 
71  , 

7? 
73 
74 

I 

75  I 

70  I 
77 
78 
70 
»0 
81 
82 
83 
84 
85 
86 
H7 
8K 
89 
9U 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

im 

117 
118 
119 
120 
121 
122 
123 
124 
125 
120 
127 
128 
12!) 
130 


Scuddor  liandinf; 

Kandoli)h  Point 

Mitchell'H  Landing i 

Dolow  lirudloy'is  I^aud- 

ing 

Holly  Riisli  Landing, 

Asli  Slouch I 

Abovo  Old  Hen  Island..' 
I'ppor  end  Chicken  IhI- 

nnd 

MomydiiH.  Tenn 

Fort  Pickering 

Wn'ck  of  (len.  linaure- 

gard 

Four  Mile  iJnyon , 

JonoH'  Landin*; 

Above  KiM'VfH  Landing. . 

Coiihonia  Field 

Scanlan'8  Landing  

Cat  Inland 

Noi  folk  Landing 

Star  Landin|{ i 

Polk'H  I^ndinj; 

Ex^el8ior  Landing , 

Near  (Commerce  

CRnipbeU'H  Landing 

Mlioon's  I.andinic 

])ordi>au.\  Landing 

Head  Bordeaux  Cliut<>.. 
Walnut  Brnd  Lauding  .. 

Hardin's  Point    i 

O.  K.  Landing i 

Harbfrt'8  Landing  . 
Head  St.  Francis  Inland.- 

Prairie  Point 

Ti otters'  Landing i 

Helena,  A  rk 

Below  Willianrs  Landing 

TlioinpHon's  l.4inding 

Xear  (Jraig'H  I.4indin£...; 

Miller's  Point I 

AUiKon's  Landins; 

Foot  of  Island  Xo.  ftJ . . . . : 

Modoc  Landing I 

Near  Kobinson's  Landing- 

JackHon'H  Point   \ 

Head  of  Island  No.  G5 

Offnt's  Landing 

Saint  Loui.s  Landing 

Above  FIhIi  Laku 

Snnflowfr  Landing 

Puslunataha 

Knowlton'A  Landing J 

AuMtralia 

Laconia 

Bel(»w  Lulu  Landing. . . 

Maysouia  Landing 

Frtiwley'H  L:indini; 

Head  Scrub  (inins  Beu<i 

}{arnett*H  Landini; 

McCieehee'H  Lauding. .. 

Cunibyville 

Malone'8  Landing.  Ark 

Kosedale 

(jlen  Low  lianding 

PrentisH  Landiu;;  '. 

Itelow  foot  Island  No.  75 

Caulk'a  Landing 

liolivar.  Miss 

Near  Cat  Fiah  Point . . . 


11. 
II. 
L. 
L. 


S 

o 

«*-   . 

c 


K 


^  O  08 

O 


& 


e«5! 

1  "Z  » 
'   9  a 


£-  C  08 


I 


rf 


08 
m 

a 

is  !  • 


73 


4 

5 


I 


ii 

a 
I 

53 


Time  of  obMrr* 
Uon. 


Day.     '  Hour. 


Miles, 
n.  207. 8 
L.  210. 9 
L.  ,  212.9, 


215.2 
219.7 
221.8 
224.1. 


U.  225.  h 
L.  230. 3{ 
L.     232. 1 


Feet. 
216. 91 
216.60 
215. 13 

216. 18 
212.  62 
211.25 
210. 34 


208. 16 
202.  54 


Feet. 
-2.07 
2.00 

2. 12 

I 

2.0o' 
2.00 
2.00, 
2.00, 


2.07. 
2.11 


Fert.    '  Feet.  ,MiU9. 

214.84      '  ' 

214. 60 
213.01. 


].95j      1.3i 
0.24<      3.1 
1. 59       2. 0 


214.18. 
210.  62 
209.25 
208.34. 


206.09 
200. 43 


> 

V.     i 


11. 

K. 

1 

K. 

L.  ; 

K. 

K. 

L. 

L. 

L. 

K. 

L. 

K.  . 

L.  : 

L.  ' 

L. 

R. 

K.  : 

L.  i 

L. 

K. 

K. 

L.  1 

K.  . 

K.  ! 

L. 

II. 

R. 

R. 

L.i 

R. 

L.  ! 

L. 

R. 

R. 

R. 

L. 

L. 

L. 

R.  i 

L.i 

R.  I 

R. 

Pi 

R.I 

R.  ' 

L. 

R. 

K. 

L. 

R. 

L. 

R. 

R. 

L. 


233. 2  , 
235.  6' 
238.  9 
242.  6 
244.1,. 
247.  7 
253.  0 
2."i4  3 
25H.  2 
2(4.  3 
266.  5 
269.  H 
J72.  5 
275.  8 
278. 5 
279.  5 
282.  6 
285.  8 
289.4 
292.  6 
290.9 
.300.  3 
304.0 
300.  5 
310.9 

313.  o; 

316.  2! 
324. 7 
327. 7 
332.  8. 
3:m.  .'i! 

338. 2 
341.6 
343.  2 
340.  7i 

349.  5 

350.  8 
352.  7 
350.4 
3(k>.  0 
370.  (I 
373.  7 
370.  8  . 
378.  4 
382.  l! 
385.  3 
387.  (I 
.'{91.  4 
3!M.  4 
:J07.  K  , 
30S.  4 
401.0  . 
463.  7 
407.  4  . 

413.3  . 
417.  0 


207.  09 
203.  27 
201.  26 


2.18 
2.26, 
2.33' 


196.  20 
194. 47 
199.  03 
ljr2,iw 
102.  38 
ISO.  86 
187.80 
187.  00 
1^.5.  35 
la'l.  46 
183.  26 
181.24 
180.  00 
178. 10 
174.  80 
173.50 

170.  83 
170. 26 
167.85 
166.57 


•I 


58. 

2.  00 
2.70 

2.81; 

3.00 
3.04 
3. 12 

3.  06' 
3.03 
2.97. 
2.91 
2.  85; 
2.79 
2.70 
2.6C 

2.45 
2.91 
2.94: 
2.961 


193.  62' 
191.87 
196.  :t3  . 
189.  84 
189.  44 
186.86 
184.  76. 
183.  88! 
182.29 
180.43 
180.20, 
178  :J3 
178.05 
175  31 
172.  lOi 
170.  90: 

168.  38 
167. 35. 
164.91 
16:{.  61 


161.69 
16L31  ■ 
159.52  I 
159.06  : 
158.65 
158.55 
157.38  . 

I. 

155.  99  ': 
154.87 
153.  35 
149.33  I 
148. 19  i 


3.07 
3.08; 
3.111 
3.14 
3.14 
3.171 
3.19 

3.38 
3.70 
4.03 
4.21 
4.40 


158.62 

158.23 

156.41 

155.92 

155.  51  • 

155.38 

154.19 

152.61 
15L  17 
149.  32 
145. 12 
143.  79 


140.  74 
146.27  I 

142.  51 
140.  74 
1 10.  94 


4.64 
4.84 

5.09 
5.  29 
5.45 


142.10 
14L43 


2.39' 
1.37 
0.91 1 


2.25 


204.91  L18 
201.  Oil  3.90: 
198.  93     2. 08 


5.31: 
L75 

2.03, 
0.40 
2.58 
2. 10 
0.881 
1.59, 
1.86 
0.  14 
1.96 
0.28. 
2. 74I 
3.21' 
1.20. 

'2."  52 
LOS 
2.44 

1.30 

1 


4.99 
0.39 
1.82; 
0.481 
0.41' 
0.13 
L19; 

"i.M 
L44' 
1.85 

4.20; 

1.33! 


L69 
0.67 


137. 42  4. 01 
135.  45  1. 97 
135.  49  —0. 04 


140.37       5.48     134.89     0.60' 
138.9;")"     '5.54      i33.'41    'i.'48 


ir{3.88       5.84     128.04     5.37 


2.8. 

4.5' 

2.1 

2.31 

1.7- . 

4.5- 

1.8. 


LI 
2.4 
3.3; 

3.71 

1  51 

3.6 

5.3 

L3 

3.9 

6.1 

2.2 

3.3I 

2.71 

3.3; 

2.7 

1.0! 

3.1! 

8.21 

3.6, 

8.2 

4.31 

8.4| 

3.7j 

2.5; 

4.4, 

2.1' 

3.2, 

8.51 

3.0 

6.1 

L7l 

3.7! 

3.4; 

L6i 

8.5 

2.8! 

L3' 

L9. 

6.7; 

7.2 

8.4 

3.7 

8.1[ 
L6 
4.0 
2.9 
L7. 
4.4' 
3.0 
3.4 
0.6 
8.5; 
1.8 
3.7 
5.9 
3.7 


L500, jlOa.m. 

.0771 I  5p.m. 

*.  785  Dot.    17     3  n.  m. 

:  I 

Oct.    16  111  ft.li. 

.8511 12  m. 

.652j ip.  n. 

. 896i ..........    Ip.  IB. 


i  Dot.    17 
I  Oct.    17 


0.223 

1. 182i.......», 

.662 


.Sll'. 
L846 

".'263"! 
.182. 
.782;. 

.7781, 


Oct.    18 


1  p.  m. 

6  ft.]IL 

7  A.  m. 

8  a.  n. 
8  a.  m. 
8a.B. 

10  a.  m. 
12  m. 
lp.B. 

2  p.  B.' 
2p.  m. 

3  p*  m. 
5  p.  m. 

7  a.  m. 

8  a.m. 
8a.m. 


.207; il2m. 


.588 

.046 

.612 , 

.078 , 

.856 

747! 
.85Si 


.406  Oct. 

.2341  Cot. 

1.162 

i 


18 
19 


.301 

.228' 

.482| , 

.250l , 

.037! 

.425! 


.494 
.215 
.867 
L236 
.868 


Oct    30 


.880 


.872| 
-.018 


Oct  ao 


.160 


.279. 


Oct.    21 


.404 


111  a.  m. 
ill  a.  m. 
12  m. 
12  m. 

2p.m. 

2  p.m. 

8p.m. 

4  p.  m. 
6p.m. 

12  m. 

8a.m. 

9a.m. 
10  a.m. 
11a.m. 
12     m. 

1p.m. 

1p.m. 

2  p.m. 

Sp.  m. 

8p.m. 

4p.m. 

6  p.m. 

6p.m. 

7a.m. 

8a.  m. 

9a.m. 
10  a.m. 
10  a.m. 
11a.m. 
Urn. 
12  m. 

1  p).m. 

1  p.  m. 

5  p.m. 
8  p.m. 
4  p.m. 

6p.m. 
6p.m. 
Oa.  m. 
7a.m. 
8a.m. 
9a.m. 


Data  considered  doubtfuL 
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TabUto/high  and  Unv  water  tlecaliotiB  and  $lopes,  MiaaitHppi  Siver — Continaed. 

LOW-^ATBK  SLOPE  OF  ISSS— Guntinniid. 


ft  11^5 


HtwICvnrfRsIkDd.. 
,  AlHivi.fc(iiMtC[- 
'  MoiinilPluMt... 


■ndlnp.    L.  \  tUn.. 


1S8  ,  OlilKoDicaLuidliiit j  L.  \**Z3. 


.  K.  I  4Je.  3.  IM  06  ;    e.  05 


138  :  (iain«>-|iIdDiliDB.";j;.';{K.     tiSht   t 


142  j  14<-irdhu.  Ark.. 


4.'r>ilK.>L«i<lliiB.!!'! 
SuiiD.vi.l'li'  UwllDi;'' 


ISl     Lake  Turt  Land 


B.  <  UI.3I  isi.os     S.U    118.0^  i.m:    0. 


s.  lie.  IB  I 
;  117.71 :  4.M 

S  118.81  j    4.— 


Ml  Iduiillnjc I  L.     501,3, 


U    %t     %A 


.1  K.  ,  sai-s!  1117.16 

.  R.    kis.k;  lot.  oh 

.    L.     Kl«.V  1V8.4U 


■  L.     .Ml.»  103.78  ; 


1 1 

D.y. 

Boor. 

il- 

,H'-'"- 

Ip.m. 

{.-.:*! 

......  

Sp-n,. 

i  .isb 

Oct    M 

tjika  ProTidcDoa 

Rrlaw  Lake  ProTidiit 
,  Shipland  LhiiiUur 


173     Chul«il'«  Lii 


LuadTuK . 


.    WLM  I    4.>e|      «9.B8,    a44| 


78.63       S.81       7L0S 


..  L.    6U8.7     72.34  i 


'xi."-:": 


I'sriilDl  LaiidtDii. 


L.    837.  a     6.^2 


i  Uerk'r'a  Landtni 

I  Krinp'ii  LaiidiDK 

,  C;p»M  Groi« 

I  CoTe'BCreekldndliLg... 


■""rr 

Oct 

".:: 

:::" 

Oct. 

a- 

S,03|      4S.2S     Lll<      2.1 


'  -S 

..■.■" 

S.S 

i    "1 

::::::::::' 
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Table  of  l\igh  and  low  teater  eletufionf  and  elopef,  JUitaiitippi  Siver — Continned. 
BIQE- WATER  UAKKS  OF  IBSft— ConttDoed. 


■me,L» 


8peolrtkBt,,La.-- 
iDcrvlUe,  La 


a 

ii 

i' 

i 

i 

R! 

t 

'{ 

I 

i 

n*?ST 

f^ 

HIGH-WAT£R  UABKS  OF  ISSt. 


Cairo.  Ill  

BalmontUo I 

aUmonVKy 

HlcknianXv  

Salai  James  Bajou.  Mo. .  I 

Mnrrlson's  Mo '.'.'.'.'.'.: 

Laiello'a  LaDilIni!,  Mo... 

BsHLHndlna,  Tenn 

Hatliawnv'a.^eDn 

G«.vo9.i.Mi> 

CotlouWDOd  Point,  Mo ... . 

Fultou,  Tonii i 

Tbarnns  LHndlni!,  Tena.. 

Menipliln  IVnn 

Mhoon'H  LoDdlDE,  Mlu  .. 

JTlarVPoln^  M>m"I."';. 
Ulllor'x  I'otnl,  MiM  ... 
Sitnl  Loulii  LaudlDC,  Ark 

SiinflowflT,  Mitw 

BeUbuLandliiK.  ATk     .. 

AUKtnlia.  Ulna 

CnmliVTllle  IMo.  White 

jaitTi   I 

lUTrrtnn,  Mtaa 

yiblett'ii.  Mlm 

Hulifnr.  Miai 

CBt-Fi>.li]'..)iiI.  MiHii... 

AtkBiiKu-City,  Ai* 

lialni'iiIJiDillnil.  Ark... 

Uin-uvlll.-.  Mian  

LrlawlX  Ark 

Kitagv,  mm 

'    ■     ■•n.viili-nre.  I.a     . 


302.^5 

12.  J 

■^ 

aw.sno 

11-^ 

S1,S 

ll]2.T]V 

vo-oxi  •  .i.vlm  ,  11.^ 

149. 100     10.  :MI     29. 1 


15.  ]    .  aaa  !  M«r. 


IX-ltL. 

V<i:k>l1> 


■■.HlM 


i  V.  S.  |t*DC>. 

I  U.  agann.. 

i  V.  B,  Kane*. 

]  n.  B.  guigt. 


T  JU.S.  ■Mitn. 


111. dill     3.4;h)    iiVfl 

1VH.U29      3..'>TS      3.T 


ItiKliii't ,  Mliiii 
L-Anirnt.  I.a. 
Kiitcliei.  MiHH 


M  I  IT.apiDite. 

23  I 

24  j  [r.8.gucB. 

"■»! 
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Tables  of  high  and  toie  teattr  «lwalioae  and  tlopa,  ilUiiuippi  JZiiw— Con  tinned. 

EIGH-WATKB  UABSS  OF  ISU-Contlnoed. 
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US,    SECBKTARV  OF    COM- 

TlIK   MlKMlSSIPPl   RlVRR  COMUtHSION, 
Op  PICS   OK   TUB   UOMMITTBB   ON   CONSTnUCTION, 

t>(i53  Olive  Street,  Saint  Louit,  ito.,  .June  30,  1885. 

Silt:  III  cniiiplinni!!'  willi  your  iRtterof  inatniatinns,  dated  Jtin«  1,  1885.  I  have  the 
honor  to  n>i)c>rt  rbo  work  of  thix  office  from  October  1,  t«ri4,  the  date  of  m.v  laat  aunual 
report,  to  tlit:  t'liuwi  of  llii-  fiscal  yonr,  June  :tO,  1865. 

The-  Kciieial  wrvice  plant,  eom|irislng  tbe  Conimixsioii  tow-boat  Migxissipiii,  the  tow- 
boat  Miiinctoiika,  twi^iity-ei^ht  fliish-d^k  bargee,  twunty-nixht  <ltick-diiwii  barges, 
and  n  tew  nilwH-llitneonii  pieces,  Ih  now  laid  up  in  aufe  hiirborBt  Twin  Hollows,  about 
15  niiW  I  lido  w  Saint  Louis. 

The  tow-lKMits  are  in  very  goo<l  ordur,  and  could  be  put  in  service  at  a  day's  notice 
In  an  oiiii>r)[i>nry,  the  Minnetoiika  having  been  recently  overhauled  and  strengtbeued 
and  ciiuipped  with  iron  cylinder,  ti  in  bero.  The  barges  are  in  fair  condition,  and  conid 
all  bi>  put  in  service  ut  short  notice,  with  the  exception  of  three,  which  require  gen- 
end  n<)iairs.  All  wooden  hulU  huve  been  washed  out,  cleaned,  and  Halted,  to  preserve 
the  timbiTH.  The  bottjitn  planking  appears  to  be  sonnd  and  the  seaiu^  well  (tiled,  so 
that  no  repaini  or  calking  will  be  necessary  until  operationn  are  resumed,  when  it 
wilt  bH  ailrinable  to  deck  must,  if  not  all,  of  the  ^i^es  and  give  them  a  general  over- 
hauling, oh  they  will  then  have  been  in  the  water  aDont  four  years.  The  tow-boats  ma]' 
have  to  be  docked  for  cleaning  and  painting,  but  no  ciilking  or  repairs  to  bllllB  should 
bo  rfiiiiirud.  The  boilerH  of  tbe  Mississippi  should  be  reaet  before  she  is  put  on  active 
work  as  a  tow-boat,  as  the  port  boiler  has  given  out  repeateilly,  either  from  defective 
circulation  or  inequality  in  the  spaces  between  the  Hhells  and  aide-walls.  An  extra 
beam  and  stanchionii  are  noediHl  under  tbe  after  end  of  boilers  on  tbe  Minnetonka. 
Tlic  Bupjiorts  now  rest  on  tbe  deck  between  beams,  caaeing  considerable  vibration, 
especially  when  rnnnlns;  liebt. 

The  repairs  to  the  Minoetonka  were  somewhat  more  extensive  than  was  expected 
owing  to  developed  weakness  in  the  hull  and  faulty  distribution  of  weiffhts  in  ptaoinf; 
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naiuo  of  being  the  best  tow-boat  of  her  size  on  the  river,  and  with  proi>er  attention 
shouhl  bo  ^ood  for  at  leuHt  oi^ht  years'  Hervice.  I  hiid  her  lines  and  dluienHions  taken 
while  on  tlie  docks,  from  which  drawings  and  a  model  are  now  being  made  for  use  in 
bui]din<;  the  largo  steel  tow-boat,  when  authority  for  its  construction  is  renewed. 

The  tbiity  small  barges  borrowe*!  from  the  Missouri  River  Improvement  were  re- 
turned iu  March  and  April  in  fair  order.  About  $2,500  have  been  spent  for  docking 
and  repairing  them  since  October  1,  1S84,  which,  with  the  sum  given  in  my  last  re- 
port, makes  the  amount  expended  for  their  repair  while  in  general  service,  about 
$3,70(1.  During  that  time  they  carrie<l  and  delivered  2;),i)61  cubic  yanls  of  stone  and 
were  used  temporarily  for  brush  and  timber  on  the  reaches,  so  that  the  cost  of  repairs 
was  etpiivalent  to  about  ir>  contii  the  cubic  yanl  for  transportation  or  to  about  45  cents 
a  day  for  chart^^r.  The  actual  cost  of  charter  for  equal  capacity,  computed  from 
ruling  rates,  would  have  been  about  $4  a  day  for  each  barge. 

These  ligures  are  interesting  as  bearing  upon  the  question  whether  it  is  more  ad- 
vantageoas  to  the  Government  to  own  or  to  charter.  For  works  prosecntod  on  a 
largo  scale  and  requiring  a  term  of  .^ears,  such  as  the  improvement  of  the  Mississippi, 
there  can  be  no  doubtful  choice.  I  therefore  renew  my  request  for  increase  of  the 
general  scrviee  plant,  with  the  addition  of  small  barges  for  service  t^)  the  Ohio  quarries, 
especially  in  low  water,  and  a  few  medium-sized  barges  for  delivering  coal  to  districts 
The  estimates  are  based  on  recent  contracts  for  barges  and  for  the  hull  of  a  steel  snag- 
boat,  and  from  informal  offers  for  bf>i]ers,  engines,  and  upper  works,  and  are  ample, 
unless  there  should  be  a  very  considerable  advance  in  prices  on  the  revival  of  bnsi- 
noss. 

In  regard  to  the  construction  of  barges,  the  experience  of  the  past  season  with  the 
Missouri  Hirer  gunwale  barges  leads  me  tx)  recommend  that  form  instead  of  the  modeled 
barge.  If  planked  fore  and  aft,  with  easy  rakes,  they  will  tow  and  handle  in  block  al- 
most as  easily  hh  model  barges,  and  the  saving  in  construction  is  such  that  they  can 
be  built  of  equal  capaeity  for  the  same  money  in  the  proportion  of  about  3  to  !2.  De- 
taile<l  drawings  and  specifications  for  both  sizes  of  barge  are  now  ready,  and  draw- 
ings, Kpecitieations,  and  models  for  the  tow-boats  are  well  in  hand,  those  for  the  hall 
of  the  small  tow-boat  being  finished. 

I  also  renew  the  snggeMtions  contained  in  my  last  report  in  regard  to  the  pni*cha8e 
and  delivery  of  Illinois  coal.  Eleven  well-built  coal  barges  of,  say,  9,000  bushels  ca- 
pacity, would  be  enough  to  supply  the  three  districts  below  Cairo  and  the  general 
service,  and  would  pay  for  themselves  in  one  year  on  the  basis  of  prises  and  amoantt 
of  last  year's  purchases.  If  it  still  be  thought  better  to  buy  Pittiiburgh  coal  for  the 
districts,  it  should  be  contracted  for  delivery  at  the  works,  or,  if  received  at  Cairo, 
should  b«^  delivered  by  the  general  service  at  the  tirst  opportunity.  It  would  certainly 
conduce  to  economy  of  the  service  to  have  three  or  four  coal  barges  of  moderate  ca- 
pacity to  accompany  the  tow-boats  on  long  trips.  Prices  last  j'ear  ranged  from  11} 
cents  at  ('airo  to  10^  cents  at  Arkansas  City  for  Pittsburgh  lump  on  board,  while  Illi- 
nois luni))  from  the  Big  Muddy  was  delivered  <m  the  boats  at  Grand  Tower  for€^  cents 
the  bushel.  Making  due  allowance  for  the  acknowledged  inferiority  of  Illinois  c<xftl, 
the  saving  would  probably  not  fall  much  below  25  per  cent. 

I  have  but  little  to  suggest  in  regard  to  the  new  tow-boats.  In  general  they  shoald 
have  ample  boilei*s,  long-stroke  engines  with  variable  cnt-off,  and,  probablv,  open 
heaters  with  circulating  coils,  and  the  conventional  **  doctor"  for  fee4ling  boilen. 
Vertical  heaters  are  preferable  for  the  saving  in  fuel  and  in  the  time  reqairod  for 
cleaning  boileix,  but  they  are  objectionable  on  account  of  their  great  size  and  weighty 
the  difhculty  in  locating  them  so  that  they  may  be  cleaned  and  drained  readily,  and 
lastly  from  the  high  j»ressure  required. 

The  heater  put  on  the  Minnetonka,  in  place  of  the  old  one  which  was  worn  oat» 
takes  the  feed- water  through  a  coil  into  the  pan,  where  it  stands  at  less  than  4  inchss 
dc])th,  and  delivers  it  to  the  boilers  at  ab<mt  20G<^  F.  As  tliis  arrangement  world 
well,  I  think  it  will  be  best  to  equip  the  new  boats  in  the  same  way,  unless  it  be 
thought  advisable  to  use  independent  vertical  heaters  for  each  cylinder.  For  the 
large  boat,  four  steel  boilers,  with  double  steam-drums,  and  enginesSO  inches  diameter 
by  10^  feet  stroke,  are  recommended,  and  for  the  small  boat  three  steel  boilers,  and 
engines  15  inches  diameter  by  7  feet  stroke.  All  steam  and  hot-water  pipes  and 
cylindiMs  to  be  jacketed,  and  the  latter  finished  with  wood  lagging. 

The  upper  works  should  be  strong  and  simple,  without  ornamentatiop,  and  arranged 
so  as  to  give  eomfortablo  acconuiiodations  for  the  crew.  For  both  boats  I  recommend 
large  hollow  shafts  of  Whit  worth  compressed  steel.  As  they  can  be  imported  free  of 
duty,  the  cost  would  probably  not  exceed  that  of  American  iron  or  steel  solid  ahafti 
of  greater  weight  for  equal  strength.  The  amount  asked  for  the  construction  of  these 
boats  remains  tlu^  same,  but  the  proportions  are  changed  to  $55,000  for  the  large  and 
$35,00(>  for  the  small  boat,  the  estimates  being  based  on  the  price  per  ponnd  for  the 
hull  of  the  steel  snag-boat  now  building  at  Pittsburgh,  and  from  informal  offenfor 
machinery,  boilers,  and  upper  works  from  builders  in  this  city. 
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Should  tbe  plant  romain  laid  up  till  July,  1886,  about  $16,800  will  be  required  for 
docking  and  general  repairs  to  bargen,  and  for  docking  the  tow-boats,  for  cleaning, 
resetting  boilers,  and  minor  repairs.  I  also  make  an  estimate  for  general  and  extra- 
ordinary repairs  for  tbe  year,  and  estimates  for  running  expenses  and  fuel,  on  the  sup- 
position that  active  operations  will  be  resumed  and  that  the  plant  will  be  suitably 
increased. 

As  the  conditions  were  favorable  for  work  during  the  autumn,  heavy  demands  were 
made  for  stune  and  supplies,  especially  for  the  first  district.  Unfortunately,  the  low 
stage  of  the  Ohio  prevented  getting  out  much  stone  from  the  quarries  about  Gol- 
conda,  an<l  s<;arcity  of  labor  or  lack  of  enterprise  retarded  the  output  from  the  Mis- 
sissippi quarries.  Later  in  the  season  stone  was  taken  from  quarries  as  far  north  as 
Grafton,  all  available  barges  being  chartered  to  expedite  the  delivery.  Contrary  to 
general  expectation,  severe  cold  weather  set  in  early,  and  by  December  17  naviga- 
tion was  suspended,  leaving  the  work  about  half  done  and  the  floating  property  in 
danger.  Considerable  stone  was  lost  and  a  number  of  barges  were  sunk,  but  through 
the  exertions  of  employes  the  barges  were  saved  with  little  damage.  The  extreme 
cold  prevailed  so  long  that  after  one  or  two  attempts  to  deliver  tows  to  the  first  dis- 
trict the  work  was  given  over,  and  when  Congress  adjourned  without  making  further 
appropriations,  the  floating  property  was  collected  and  laid  up. 

All  of  the  stone  was  purchased  in  open  market  at  prices  ranging  from  50  to  60  cents 
the  cubic  yard,  except  for  that  from  the  Grafton  quarries,  which  was  delivered  at 
Saint  Louis  for  75  cents,  including  charter  and  towing  between  the  quarries  and  tbe 
city.  During  November  and  December  about  31,000  cubic  yards  were  delivered  to 
the  districts,  2,r)00  yards  were  lost  on  the  way  or  thrown  overboard  to  save  barges, 
and  about  3,000  yards  were  afloat  at  Cairo  on  tne  suspension  of  operations ;  the  latter, 
not  having  been  ])aid  for,  was  sold,  in  order  to  clear  the  barges  and  settle  with  the 
parties  who  furnished  it.  There  remained  about  16,000  yards  at  the  quarries  ready 
for  loading,  most  of  which  was  at  Chester  and  Grand  Tower.  Fair  settlements  were 
made  with  the  quarrymen  for  stone  thrown  overboard  and  lost,  and  the  Government 
freed  from  liability  on  account  of  stone  qnarried  under  former  agreements.  The 
movement  of  stone  since  October  1,  1884,  is  given  in  tabular  form. 

There  were  three  serious  losses  of  property  during  the  season.  The  chartered  barge 
Morning  Star,  loaded  with  about  330  tons  of  galvanized  steel  wire,  10  tons  of  spike, 
and  87  pieces  of  dimension  timber,  for  tbe  first  district,  was  sunk  in  Saladin  Channel, 
October  (5.  The  barge  was  a  total  loss,  which  fell  npon  owners  and  insurance  com- 
pany. The  cargo  was  valued  at  $:^5,651.71,  most  of  which  was  saved  during  the 
month  ;  the  actual  value  of  the  property  recovered  being  $24,556,  at  a  cost  of  f  1,727 
for  wrecking  tools  and  labor. 

Chartered  barge  Missouri  No.  4,  loaded  with  stone  for  the  first  district,  was  sunk  on  a 
snag  near  Belmont  in  November,  the  loss  of  the  barge  falling  on  the  owner. 

In  the  same  month  general-service  barge  No.  167,  loaded  with  stone,  struck  a  snag 
below  Cario  an<l  sank.  An  attempt  was  made  to  raise  it,  which  proved  unsuccessful. 
Missouri  River  barge  No.  57  was  sunk  on  the  way  to  Plum  Point  with  a  load  of  stone, 
but  was  raised  and  n»paired. 

November  3  the  starboard  cylinder-timber  of  the  Minnetonka  was  found  to  be  broken 
under  the  cyliiKler.  The  Jack  Frost  was  chartered  to  take  her  tow  to  Lake  Provi- 
denc«»  and  fetch  the  empty  barges  chartered  for  the  work  at  New  Orleans.  The  timber 
was  repaire<l  so  as  to  fit  her  for  service  temporarily,  and  has  since  been  replaced  by 
an  iron  beam. 

The  expenditures  for  general  service  have  Ix^eu  apportioned  among  the  districts  ac- 
cording to  the  work  done,  as  counuited  from  the  mileage,  those  for  outfit  and  repairs 
being  divided  equally  among  the  first,  s<*.e(md,  and  third.  Three  hundred  and  eighty- 
two  pieces  have  been  niOA'ed  down-stream  and  567  pieces  up-stream  since  October  I, 
the  excess  of  upstream  movement  being  <lue  to  consolidation  of  the  second  district 
jdant  with  that,  of  the  first,  and  towing  the  general  service  and  Commission  fleets  to 
Twin  Hollows.  Tiie  service  was  e<iuivalent  to  towing  one  pii^ce  133,533  miles.  The 
stateiiMMit  of  work  and  apportionment  of  cost  are  given  in  tabular  form. 

The  aTuount  available  for  general  service  October  1, 18H4,  was  5?*291,635.56,  of  which 
$97.>"2r>.sH  have  been  <*xi>ended  and  charged  to  districts;  $5^,000  transferred  to  Lake 
l*rovidenee,  awd  SH.(K)"  to  Vieksburg  Harbor.  Delta  P<»int.  Tbe  balance  available 
July  1,  1>S'),  is  sl*27,801K(>8,  of  which  sl-i,()U0  will  be  required  for  care  of  property  and 
contingencies  to  June  Mi,  lH8e>,  an<l  a  i>ortion  at  least  should  be  reserved  for  putting 
the  ]ilant  in  running  order  on  resuming  operations. 

1  ]»resent  heiewitli  direciory  of  theConnuission,  with  its  officers  and  districts  under 
improvement,  estimates  for  general  service  lH8<>-'87,  statein(*nt  of  jilant,  statement  of 
general  servi<'e  mileage,  in«>venient  of  stone,  detailed  statement  of  expenditures  by  the 
geneial  service,  detailed  financial  stateimmt  of  all  expenditures  from  October  1, 1H84, 
to  June  3(1,  1HS5,  and  a  general  statement  of  appropriations  and  expenditures  from 
March  3,  1881,  to  June  30,  1885. 
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THE  MISSISSIPPI  RIVER  COMMISSION. 

Col.  and  Bvt.  Maj.  Gen.  Quinct  A.  Gillmorb,  Corps  of  Eng^neert,  presideDt,  33 
West  Houston  street,  New  York. 

Lieut.  Cul.  and  Bvt.  Brig.  Gen.  Cyrus  B.  Comstock,  Corps  of  Engineers,  33  West 
Honston  street,  New  York. 

Maj.  CuARLBS  R.  SuTRR,  Corps  of  Engineers,  1415  Washington  avenae,  Saint  Loais. 

Henry  Mitchell,  civil  engineer,  United  States  Coast  and  Geodetic  Survey,  9 
Pemberton  square,  Boston. 

B.  M.  Harrod,  civil  engineer,  Cotton  Exchange  Boilding,  New  Orleans. 

S.  W.  Ferguson,  civil  engineer,  Greenville,  Miss. 

Hon.  Robert  S.  Taylor,  post-office  box  1648,  Fort  Wayne  Ind. 

Capt.  Thomas  Turtle,  Corps  of  Engineers,  secretary,  2S2ti  Washington  avenne. 
Saint  Louis. 

THE  committee  ON  CONSTRUCTION. 

Messrs.  Gili.more,  Comstock,  Suter,  and  Harrod. 

Capt.  Joseph  H.  Willard,  Corps  of  Engineers,  secretary  and  assistant,  2653  Olive 
street.  Saint  Louis. 


officers  of  corps  of  engineers  in  charge  of  districts. 

Des  Moine8  Rapids  to  Illinois  River,  165  miles, 

Capt.  Ernest  H.  Ruffner,  Qnincy,  III. 

Illinois  River  to  Ohio  River^  245  miles, 
Maj.  Oswald  H.  Ernst,  custom-house.  Saint  Louis. 

First  district,  Ohio  River  to  foot  of  Island  No,  40  (Plwn  Point  Reaok)^  220  miles. 
Capt.  Smith  S.  Lkacu,  custom-house,  Cairo,  III.,  and  Elmot,  Ark. 

Second  district,  foot  of  Island  Xo,  40  to  White  River  {Memphis  Reach),  180  miUs, 
Capt.  Smith  S.  Leach,  280  Front  street,  Memphis,  Tenn. 

Third  district,  fVhite  River  to  TVarrenton,  Miss,  {Lake  Providence  Reaak),  220  nUIes, 

Capt.  Clinton  B.  Skars,  106  Madison  street,  Memphis,  Tenn.,  and  Wilson's  Point, 
La. 

Fourth  district,  Warrenton  to  Head  of  Passes,  484  miles. 

Maj.  Amos  Stickney,  3  South  Rampart  street.  New  Orleans. 

General  service  estimates,  1886-'87. 


One  large  steal  tow-boat i    $55,000 

One  small  steel  tow-boat '      35,000 


11  coal-barges 

12  small  gunwale  barges  ., 
32  largo  gunwale  barges  . . 


Genei-al  rei>airM  to  plant  on  resuming  operations 
General  nnd  extraordinary  repairs  during  year  . 


Kunning  expenses  of  tow-boats  : 

Mississippi,  eii:ht  months,  at  $3.400 

Minnetonka,  t«-n  montbH,  at  $;i,fiOO 

New  Isngi'  tow-bo:it.  tbree  months,  at  $3,600. 
New  smnll  low-boat,  three  months,  at  $2,400 


500,000  bushscls  Illinois  coal,  on  board,  at  8  cents. 


$M,000 
22,000 
24,000 
90,000 


1«,W0 
9,000 


«SS3,NI 
2fi^lll 


87.200 

80,000 

10,800 

7,200 


81,200 
40,000 


Ollire  salaries,  rent,  and  contingencies. 

Administration  and  ins))i'«'tion  

Fleet  an<l  care  of  property 


12.000 
5,000 
4,000 


287.801 


121,: 


21,  Ml 
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Clua  of  property. 


1  AtckmeT,  UufljBflippl  . . , 
I  Kewnar.  Mlnnotoiilta... 

1  pamp-bint 

2  MinndiDg-boats 

1  r»ul 

XetwTnes  (flush  deck).... 

28  barsea  (low  deok) 

Office  fan  Hare 


Slalement  of  viUtage  of  genvral-eervice  lom-boatt  front  October  1,  1884,  to  Jntta  30,  1885. 


UlHiwippi 
Mlnnetonlii 

Pe»rl 

Juk  FroaC 


Tow-bMt. 

Forflral 

1     dlstticl. 

1.101 

For  third 
dlttrlct. 

T.oai 

For  gfiom. 

ToUL 

« 

I'i 

sg.iflo 

39.608            20.101 

1C.H0 

IB3,B31 

MoeetAmt  ofitone  from  October  I,  1881  to  Jane  30, 1883. 
low,  (lilobef  1, 1884 eoblcjirdB. 


Delivvred  Iv  foiinb  cli 
Loot  ftt  qiurriofi,  deet, 


is 

'       23.  oa 

*S,828 

i  v^ 

7.(20 

EjcpfnilitarfH  bii  Capl.  J,  If.  llVlartI,  lecrelarii  coiKMitiee  on  eoi>$lraction,  Miiai*Hppi 
Hirer  CommU'wu,  on  account  appropriation  for  ImproDinij  Mi*ii»»ippi  ICivtr,  no  Iimif, 
from  atlotHuot  for  general  aeri-ic*,  from  October  1,  1884,  to  June  HO,  1885, 

Plant  an.loiitlit. f-^TlO  09 

Repuini  t(i  plant 19,278  71 

Can:or|itiblii-t>roperr.v 6,351  U 

Ad  mini  HI  rat  inn  ami  iiisppcliou 2,132  30 

Oliice  expeiiHex,  rent,  iiuil  repairs 7,877  45 

Bar^^rbaner I,;t34  60 

l{uniiiii;:ex]iFliHi-HHt<'amt>r  MiHsiHaippi 18,537  iB 

l{iiniiiiii:(!xpciiwiifiti'amcr.Miniieloukn 14,708  01 

KiMiniiiK  t'XpriiKi'it  Htf'amer  Hear! 11,»40  91 

KiiimiiiK  i;::|M'nNi-[i  atuaiut^r  Jnuk  Frost 5,(i-.!0  6.1 

StiHU-  I.LSt  livHlnkinj; 8,103  60 

Kiiii-iiiBHiiiikLi.  LartjOH 3,123  30 

TrtwaK*' 795  35 

I'uitea  StatcM  MiiriiiL-  Hospital  Service 403  40 

Total J97,825  88 
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The  above  expenditures  apportioned  n«  follows : 

To  first  district ^44,303  85 

To  second  district 30,503  67 

To  third  district 21,t>57  75 

To  fourth  district I,:i60  61 

Total $97,825  88 

FINANCIAL  STATEMENT. 

October  1,  1884,  to  June  30,  1885. 

General  service. 

Available  October  1, 1884 1 $291,635  56 

Transferred  to  Lake  Providence $58,000  00 

Transferred  to  Delta  Point 8,000  00 

Expended  account  Plum  Point  Reach 44, 303  85 

Expended  account  Memphis  Reach 30, 503  67 

Expended  account  Lake  Providence  Reach « 21,657  75 

Expended  account  New  Orleans  Harbor 1, 360  61 

163. 825  88 

Balance  in  Treasury 70,000  00 

Balance  in  hand 57,809  68 

127, 809  68 

Des  Moines  Rapids  to  Illinois  River, 

Available  October  1,  1884 181,746  65 

Transferred  to  snag-boat  service 5,000  00 

Balance 176,748  65 

Received  from  sale  of  fuel 43  89 

Total 176,792  54 

Expended 90,034  49 

Balance  in  Treasury! $65,000,00 

Balance  in  hand  ..1 .' 21,758  05 

86,758  05 

Illinois  River  to  Ohio  River  and  protection  of  the  easterly  hank  of  the  Missitsippi  near  CairiB 

Available  October  1,  imA $459,109  56 

Re(rei  ved  from  sale  of  fuel 7043 

Total 429,180  01 

Expended,  Illinois  River  to  Ohio  River $323,888  90 

Expended.  Cairo 22,431  08 

346,319  96 

IJalanre  in  Treasury 75,000  00 

Balance  in  hand  ./. 37,860  03 

^        112,860  08 

New  Madrid  Reach, 

Available  October  1,  18H1 2,14109 

Expcnd<Ml 300 

Balance  in  hand 2, 13r)  06 

Plum  Point  Reach. 

Available  October  1.  lHy4 320,243^8 

Drawn  from  Treasnry  for  j^eneral  service 44,  :in3$ 

Total 364,547  73 

Exp«'n(led  348,042(8 

Balance  in  Treasury $11,520  00 

Balance  in  hand 4, 985  11 

16,50511 
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Saint  Francis  Front— Firet  DUtriet, 

Ayailable  October  1,  1884 |126  89 

Expended 0  00 

Balance  in  hand 126  89 

Memphis  Beach. 

Available  October  1,  1884 ri6,626  09 

Drawn  from  Treasury  for  general  service 30, 503  67 

Received  from  sale  of  fuel 11  25 

Total 86,141  01 

Expended 86,071  77 

Balance  in  hand 69  24 

Memphis  Harbor, 

Available  October  1, 1884 129,211  87 

Received  from  sale  of  fuel 22  50 

Total 129.234  37 

Expended 127,792  84 

Balance  in  hand 1,441  53 

Saint  Francis  Front — Second  District, 
Allotment  expended  before  October  1,  1884. 

Survey  of  Helena  Beach, 
Allotment  expended  before  October  1,  1884. 

Lake  Providence  Beach, 

Available  October  1,  1884 .' |263,492  67 

Drawn  from  Treasury  for  general  service 21,657  75 

Transferred  from  general  service 58, 000  00 

Transferred  from  Tensas  Front 7,700  00 

Transferred  from  Yazoo  Front 2,000  00 

Transferred  from  Choctaw  Bend 1,320  14 

Received  from  sale  of  fuel 31  50 

Total 354,202  06 

Expended 332,131  61 

Balance  in  baud 22,070  45 

Vicksburg  Harbor  (dredging). 
Allotment  expended  before  October  1,  1884. 

Ficksburg  Harbor  (Delta  Point), 

Available  October  1,  1884 >10,720  69 

Transferred  from  unallotted  reserve 4,000  00 

Transferred  from  general  service 8,000  00 

Total 22,720  69 

Expended 19,037  81 

Balance  in  hand • 3,682  88 
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Suvvey  of  unleveed  fronts — Third  DUtrioU 

ATailable  October  1,  1884 

Expended 


Balance  in  hand. 


Choctaw  Bend  survey. 


Available  October  1, 1884 

Transferred  to  Lake  Providence 


Balance  in  hand 


New  Orleans  Harbor. 


Available  October  1, 1884 $45,403  07 

Reverted  to  Treasury 123  42 


Transferred  from  Red  River 

Drawn  from  Treasury  for  general  service 


Total 
Expended  .. 


Balance  in  hand 


Mouth  of  Bed  Biver, 


Available  October  1, 1884 

Transferred  to  New  Orleans  Harbor. 


Balance . 
Expended 


Balance  in  hand 


Natchez  and  Vidalia, 


Available  October  1, 1884 
Expended 


Balance  in  hand 


Observations  at  Carrollton, 
Allotment  expended  before  October  1,  1884. 

Survey  of  unleveed  fronts — Fourth  District, 


Available  October  1,  1884 
Expended 


Balance 


Sun'ey  of  CubitVs  Gap, 


Available  October  1,  1884 
Expended 


Balance  in  hand 


Levees — Second  Districtm 


Yazoo  Front. — Allotment  expended  before  October  1,  1884. 

Long  Lake : 

Available  October  1,  18S4 ..•.- 

Expended 


Balance 


51 
51 


00 


1,320  14 
1,320  14 


000 


45,279  65 

900  00 

1,360  61 


47, 540  26 
46,943  69 


596  57 


22, 499  49 

900  00 


21.599  4S 
17,783  34 


3,816  08 


2,672  99 
1,046  97 


1,685  9S 


•9780 
97  88 


001 


169  9 

000 


162.81 


14,964  45 
14,964  45 


000 
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Leveea— Third  District. 
Tenscu  Front : 

Available  October  1,  1884 57,186  47 

Transferred  to  Lake  Providence 7,700  00 

Balance 49,486  47 

Expended •. 49,454  21 

Balance  in  hand 32  26 

Yazoo  Front: 

Available  October  1,  1884 23,594  25 

Transferred  to  Lake  Providence 2,000  00 

Balance 21,594  25 

Expended ,  21,419  70 

Balance  in  hand 174  55 

Opossum  Fork : 

Available  October  1,  1884 25,000  00 

Expended 25,000  00 

Balance 0  00 

Levees— Fourth  District, 
dtchafalaya  Front : 

Available  October  1,  1884 19,091  60 

Transferred  to  Tensas  f'ront 3,000  00 

Balance 16.091  60 

Expended 6, 595  53 

Balance  in  hand 9, 496  07 

Tensas  Front : 

Available  October  1,  1884 92,973  37 

Transferred  from  Atchafalaya  Front 3, 000  00 

Transferred  from  unallotted  reserve 8, 710  00 

Total 104,683  37 

Expended 104,071  61 

Balance  in  hand 61 1  7% 

Total  available  October  1, 1884  (levees) 232,830  14 

Transferred  from  unallotted  reserve 8,710  00 

Total 241,540  14 

Transferred  to  Lake  Providence 9,700  00 

Balance 231,840  14 

Expended 221,525  50 

Balance  i  n  li.ind 10, 314  64 

Total  available  October  1,  1884,  for  Improving  Mississippi  River  ..  2,031,753  91 

Reverted  to  Treasury $123  42 

Transferred  to  snag-boat  service  . . .' 5, 000  00 

5, 123  42 

Balance 2,026,630  49 

Kecu'ived  from  saleof  fuel 179  57 

Total 2,026,810  06 

Expended l,63r>,83>  01 

BalaiH'c  available  .Inly  1,  l^'HO,  to  meet  liabilities  and  to  carrj-  on 

work  under  the  Mi8si8sij)pi  liiver  Commission 389,978  05 
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Statement  of  funds  available  far  Improving  JUianeaippi  River,  from  March  3, 18dl,  to  June 

30,  18^5. 

Act  of  March  3,  1881 $1,000,000  00 

Act  of  August  2,  1882 4,123,000  00 

Act  of  January  19,1884 1,000,000  00 

Act  of  July  5,  1884,  less  $5,000  transferred  to  snag-boat  service 2, 065, 000  00 

Total  specific  appropriations 8, 188,000  00 

Balances  from  former  appropriations  applied  to  works 
below  Cairo,  nnder  act  of  Angnst  2,  1882,  less  $123.42 
reverted  to  Treasury $272,504  96 

Same  for  works  above  Cairo,  under  act  of  July  5,  1884  ....      22, 632  53 

Total  balances 295,137  49 

Received  from  sale  of  fuel  and  loss  of  property 411  07 

Total  available 8,483,548  86 

Expended  to  June  30, 1885 8,093,570  51 

Balance  available  July  1,  1885 389.978  05 


An>ENDIX  W  W — KEPORT  OF  UI88I88IPPI  BtTEB  COMltlSSION.    2933 


Sit; 
I  IIS 


SS3S&3 


SSS3I3 


I  s 


S|   -■■'3- 
3SSS3 

;[  Silts 
^1  _wi- 


iSHSsiS 


s||  ssss 
3  i!!! 


lis  S 


■Skills 


ssaia 


21  sue 

iilli 

lllll 


2934      REPORT   OF   THE   CHIEF   OF   ENQINEERS,  U.  8.  ABMT. 


a 
p 


m 


s 


.1: 

.* 

s 

b 


.1 

IS 

x 

.1 


I 


is 

5 


too  t^o 

^  »-•  1-^  c» 
^00  o« 


CO 


n 


3 


lA 


00 
t- 


S 


fcg^S 

n 

s 

SSng 

i 

g 

»2oco  ■»»• 

CO      o> 

(O 

t^ 

fH 

>o 

a 

s 


« 

H 


o 
o 


o 
I'- 


acCcceo 
•«r  o  "T  « 


IS 


lA 


IS 


3-i 

Hi 

el 


52  s  r-  S 
Ob  ?4Q0  o 


z 

s 

:2 

§ 

•o 

So 

w^ 

& 

Si 

lA 

O 


00 

<0 


s 

o 

•A 

Si 


•A 


&; 


00 


ea    . 

^  « 

III 


1° 


O  9 

OX 


^ 


i 


s    I 

2 


t- 

CI 


SJ3 
-  (i 

p. 


£^ 


S  A  rr  9 

lA  i-i 


h 


_^ 

n 

«D 

•^ 

i 

i 

^ 

t^ 

•w 

CI 

I- 

^^ 

CO 


CM 


o 

s 

00 


a 
S 


r?  u-  ^ 


C  eS 


S  s! 


e  5 


c  -^ 

I  I 

r  X 

&  9 


> 

» 

g 

C5 


X 

c 


O 


d 

CO 


u 

09 


APPENDIX  W  W — REPORT  OP  MISSISSIPPI  RIVER  COMMISSION.     2935 


Appendix  E. 

bkport  op  captain  k.  h.  ruffner,  corps  of  engineers,  upon  the  llmuprovb- 
ment  gf  the  mississippi  river  between  the  de8  moines  rapids  and  th« 
mouth  of  the  illinois  river. 

United  States  Engineer  Officb, 

Quinctfy  III,  June  17,  1885. 
Sir  :  I  have  the  honor  to  render  the  following  report  of  operations  on  the  improve- 
ment of  the  Mississippi  River  from  the  Des  Moines  Rapids  to  the  month  of  the  iJlinoiB 
River,  for  the  interval  October  1,  1884,  to  June  30,  1885 : 

UNITED  states  DREDGE-PLANT. 

This  plant,  consisting  of  the  tow-boats  Nos.  3  and  4,  dredge  No.  2,  launch,  and 
barges,  the  whole  under  charge  of  Assistant  Engineer  W.  A.  Thompson,  operated  be- 
tween Canton  and  Quincy. 

The  fence-dani  previously  built  between  Island  420  and  the  Illinois  shore,  opposite 
La  Grange,  hud  been  damaged  by  the  passage  through  it  of  a  raft,  and  was  repaired. 

This  dam,  at  the  close  of  the  yeikr  1884,  consumed  materials  at  prices  and  in  amounts 
as  foll/)W8 : 

[Fence-dam,  Island  420,  1,000  feet  long  ;  shore  proteotions,  400  feet.] 


Materials,  Sec. 


Quantity.  |      Cost 


Gravel cubic  yards.  12, 133      $1, 337  57 

Do do...'  5,444  1  1,254  30 

Stone  and  brush do 2,645'  2,176  68 

Bulkhead feet...  835.) 

Frame do...  1,388    >  454  07 

Piles do...  2,268    ) 

Total !  5,222  62 


Average 
cost. 


10.102 
.23 
.823 


RemarkB. 


Dredged  and  deposited  on  dam. 
Dredged  and  shoreled  on  dam. 


This  dam  was  injured  by  the  ice  in  the  spring  of  1885,  and  was  repaired  by  day 
labor  and  the  use  of  Government  plant,  the  stone  being  procured  by  public  notice  and 
sealed  proposals  at  the  following  rates  (all  other  materials  are  also  included) : 


Materials,  &.c. 

Cubic  yards. 

Average  cost 

Amount. 

Stone 

2.044.90 
*540 
f  260. 79 

$0.70 

$1,431  48 

Brush 

Do - 

Subsistence 

• 

219  81 

Labor  

618  34 

Launch 

212  67 

Sundries  . .  -  -  - 

29  13 

. , .........  — ....... 

Total 

•   2, 510  88 

*  On  hand. 


ICat 


Which,  added  to  prior  sum,  gives  a  total  of  $7,632.50,  or  an  average  cost  per  running 
foot  of  $.5.45. 

A  short  closing-dam,  I^25  feet  long,  400  feet  shore-protection,  between  islands  419  and 
418,  was  built  in  October.  Stone  and  brush,  2,816.39  cubic  yards,  cost  $2,824.61,  or  an 
average  cost  ]>er  ruuiiing  foot  of  ^3.90. 

A  wint^-dam,  known  as  4.()(),  begun  in  September,  1884,  and  located  just  above  the 
head  of  Island  419,  is  1,200  feet  long,  with  a  T  head  175  feet  long,  and  has 900  feet  ahore- 
protection.  The  dam  is  built  on  gravel  foundation,  and  was  raised  to  a  height  of  4 
feet  above  low-water  mark;  completed  November  6,  1884. 


Materials,  &c. 


Stone  and  brush. 

Gravel 

Balkhead 


Cubic  yards. 


Total  cost. 


Total  cost 


7,293 
16,095 


$d,  974  49 

1,834  83 

293  16 


$9, 102  48 


Average 
per  yard. 


OtnU. 
95.6 
11.4 


Average  cost  per  running  foot,  $5.15. 
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To  faoilitato  the  Bcoiiring  action  of  the  two  dams,  spars  from  Island  418,  the  dredge 
cnt  a  ohannel.in  November,  through  Wyaconda  Bar,  finishing  November  25;  length 
1,500  ftwt,  width  50  feet,  depth  8  feet ;  cost  as  follows :  7,813  cubic  yards ;  cost,  $851.57 : 
average,  10.89  cents.  November  7  to  29  was  employed  in  building  shore-protection, 
2,100  feet  long,  on  west  side  small  island  at  mouth  of  Qnincy  Bay. 

Stone  and  brush,  4,133  cubic  yards;  cost,  $3,642.3:$;  average,  88.12  cents;  average 
cost  per  running  foot,  $1.73. 

This  ihHit  laid  up  November  21).  The  dredge  did  not  work  continnonsly,  partly  owing 
to  high  water,  partly  to  breakages.  The  dredge  has  been  pnt  in  thorongh  repair  dar- 
ing the  winter,  but  has  not  been  in  operation  this  spring. 

Some  repairs  have  been  necessary  to  the  brush  fence-dam  from  Island  427  to  the 
Missouri  shore,  in  October: 

Ston«) cubic  yards  ..  492 

Brush do....    73 

Piles r» 

Besides  a  small  break  repaired  in  one  day  in  April.     Total  cost  of  these  repairs, 
$l,049.Gf»,  not  easily  divided  into  items. 

Dredging  in  Qnincy  Bay  has  continued  during  the  fall  and  spring  under  the  con- 
tract with  H.  S.  Brown,  reportttd  last  year.  A  channel  2,iK)0  feet  long  and  100  feet 
wide  at  the  bottom  has  been  (Mit  through  the  bar  at  the  mouth  of  Whipple^s  Creek; 
and  a  out  has  been  made  to  the  mouth  of  the  creek,  so  iva  to  divert  therein  its  watery 
in  order  to  pn^H^^rve  the  channel  across  the  bar.  Special  areas  in  the  bay  have  beei 
drerlged  where  necessary,  and  a  large  amount  of  the  bar  removed  din)ctly,  without 
reference  to  channels ;  (>8,204.7  cubic  yards  in  all  have  been  dredged,  at  a  total  cost  of 
$9,548.(ir>,  including  retained  payments.  This  dredging  will  be  continued  until  the 
amount  of  the  contract,  $12,500,  is  exhausted.  Mr.  George  Waters  is  acting  as  in- 
spector. 

BROKAU    ISLAM)   DAM. 

The  contract  made  Sejjtember  24  with  Patterson  Brothers,  as  already  reported,  for 
the  construction  of  a  closing-dam  between  Island  4T)A,  <<  Brokau  "  Island,  and  the  Illi- 
nois Nhor«',  was  carried  to  completion.  It  was  about  three-fourths  tiuished  in  1884,  and 
com]Ylete(l  in  1887).  This  dam  rests  upon  a  gravel  foundation,  and  above  that  is  of 
the  usual  brush  and  stone  construction.     Its  cost  and  material  account  is  as  follows: 

Materialfl.  i  Cubic  yarda.  I   Total  cost.    Avenge  cost 

I 

Gravel  19,7C0  '  $4,04000                   |0  3S 

Piling , :  GO  00    

RlouH '        11,882.22  10.04100:                  1  S5 

IJruHh I          8.445.25  5,489  41                         06 


Ti.tal 20,530  41 


Total  length  of  dam  1,200  fi'ot  and  .shore  ]>rotection  l,7r>0  feet.  Average  cost  of  the 
whole  per  rnnninj:  foot,  $8.93.  During  construction  this  dam  sulfered  a  Heriou.«i  break 
in  tln^  spring  of  188.').  Tin*  oxpense.s  of  ii»speotioii  hav«  not  b«*en  included  above. 
Messrs. .).  ('.  Mclvlherne,  A.  W.  Bnol,  and  C.  M.  Bennett,  have  acted  as  inspecton 
at  ditlV^rent  times  on  this  work.     Final  work  done  and  contract  completed  in  Slay. 

i;nitki)  statks  tow-boat  xo.  f),  and  pijixt.  • 

This  plant,  the  steamer  (loal  Blnti',  was  in  eharge  of  Overseer  C.  M.  Bennett,  and  on 
October  1, 1H"<|,  was  engaged  in  building  dam  between  BoJteHs  Island  No.  515,  anditi 
tow-head.  This  dam  'M'y  feet  long  with  400  feet  shore  ]}rotection,  besides  850  feefc 
shore  i»rotectioii  on  the  tow-head  its<»lf,  was  tinislK'd  in  October. 

Kepairs  were  also  made  at  the  same  time  to  the  dam  running  from  Island  514  to  Isl- 
and 515,  and  also  that  from  Island  ril4,  Dardenne  Island,  to  Islands  513  and  512, 
known  as  l)anl(M)n(>  Dam. 

These  works  consumed  materials  as  follows: 


Materials.  Cubic  yanls.     Total  cost.     AverageeotL 


^:;;:::::;;:;;:;:;:;;::::;:;:::::;:;:::::::::::::::::::r       E:JS  |     ♦^•«i       »>•«• 
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A  break  in  the  Hannibal  Dam,  250  feet  in  length,  and  8  feet  in  depth,  from  the 
shore  out,  was  rejiaired,  together  with  other  smaller  breaks  further  out. 


Mattrial  account. 


Materials. 


Stone . 
Broah 


Cubic  yards. 


2,418 
653 


Total  cost    I  Average  cost. 


I     »»■ 


359 


$1  10 


A  bad  break  in  Denmark  Dam,  from  Island  450  to  the  Illinois  shore,  was  repaired  in 
November.  This  break  extended  from  the  lUinoisshore  to  within  200  feet  of  Denmark 
Island,  and  was  brought  to  a  height  of  7  feet  above  low  water,  except  on  a  part  of 
the  line.    Advent  of  cold  weather  forced  a  suspension  before  completion. 

Material  account. 


Materials. 


Stone 
Brush 


Cubic  yards. :   Total  cost.     Average  cost. 


1  I 

1,081  'I     W.  089  05:  $109 


These  items  do  not  include  the  expenses  of  the  steamer  which  when  apportioned  to 
the  wbole,and  the  imtiro  amount  of  material  handled  during  the  season  is  considered, 
gives  nn  average  of  $1,056  per  cubic  yard  for  putting  in  place  16,201  cubic  yards  of 
materiiil. 

The  Ik'ct  went  into  winter-quarters  in  Quincy  Bay  November  27.  The  Coal  Bluff 
nee<ling  extensive  repairs,  advertisement  was  made  in  December  for  proposals  to  do 
the  principal  carpenter  work.  No  bids  were  received,  however,  and  the  work  was 
done  by  hired  labor  during  thes  winter  and  spring. 

Bills  were  opened,  after  due  advertisement,  on  February  19,  for  new  boilers  for  the 
Coal  Bluff,  and  the  contract  awarded  to  the  Iowa  Iron  Works  Company,  Dubuque, 
Iowa,  for  §2,(>yr>.  The  boilers  are  in  place,  and  the  boat  ready  for  use.  Total  cost  of 
repairs,  $r),H71.()l. 

During  the  season  of  1884  work  was  impeded  by  lack  of  barges,  and  one  was  bought, 
and  bids  a«<ked  for  live  new  ones,  for  the  future.  Bids  were  opened  December  10,  ana 
the  contrairt  awarded  to  J.  R.  Morgan  «&  Son,  Clinton,  Iowa.  These  barges  have  been 
built  and  delivered  at  a  cost  of  !J7,500,  besides  the  expenses  of  inspection.  Two  new 
quarter-boats,  under  contract  in  the  fall,  were  received,  at  a  cost  of  ^30.  The  entire 
plant  has  been  put  in  good  order,  and  is  ready  for  use. 

SURVEYS. 

Surveys  were  made  during  the  fall  by  Inspector  J.  C.  McElherne: 

I.  At  the  foot,  and  for  a  mile  up  Hamburg  Bay,  over  bars  which  now  impede  navi- 
gation. 

II.  At  Cap  an  Gris,  where  numerous  islands  divide  the  river  into  channels,  none 
of  theni  deej)  or  ])ernianent. 

III.  From  the  head  of  Bolter^s  Island  to  the  foot  of  Island  522. 

These  surveys  were  intended  to  base  new  work  upon.  At  Whitney^s  Bar,  above 
Hannibal  Bridge,  surveys  made  early  as  18'^4,  by  Assistant  Engineer  Chaffee,  have 
been  ])latted.     This  is  with  referenc^e  to  future  work. 

An  edition  ot  the  maps  of  the  survey  of  1878,  of  this  part  of  the  river,  was  prepared 
for  photolithogr.iphing  and  forwarded  for  reproduction. 

These  maps  are  tor  geniral  use  and  to  accompany  reports. 

In  March,  Overseer  BeniiCtt  and  Inspector  McElherne  made  a  survey  of  the  bar  at 
the  mouth  of  Whipjile  Creek,  in  Quincy  Bay,  in  order  to  base  the  further  work  under 
the  <lre<l;;iiig  contract  there.  This  has  been  platted.  These  gentlemen  afterwards 
made  surveys  in  front  of  Quincy  and  at  Brokau  Island,  to  determine  the  effect  of  re- 
cent constructions  at  these  places.  No  decided  changes  are  reported,  and  the  plats 
show  a  gradual  but  not  marked  improvement.  In  A])ril,  Inspector  McElherne  made 
a  survey  o(:\  miles  to  cover  Wyaconda  and  Howard's  bars  above  La  Grange  to  ascer- 
tain the  etlect  of  last  year's  work;  not  platted  yet,  and  in  June  Messrs.  Bennett  and 
McElherne.  surveyed  for  9  miles  above  Island  413,  to  base  future  work  upon  ;  and  made 
one  of  3  miles  opposite  Cincinnati  Lauding  and  Gilbert's  Island,  to  determine  amount 
of  work  needed  there.     These  last  surveys  are  not  platted. 

P'inancial  statement  in  detail  to  cover  period  from  July  1,  1884,  to  June  30,  1685,  is 
given,  and  the  estimate  of  the  value  of  plant. 
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An  allotment  of  $5,000  was  made  by  the  Secretary  of  War,  towards  meeting  the  ex- 
penseH  of  the  snag-boat,  operating  the  Upper  Mississippi  River.  No  operations  are 
proposed  until  extreme  low  water,  when  urgent  demands  will  be  met  if  possible,  and 
temporary  channels  made  where  required. 

Very  resj^ectfuUy,  your  obedient  servant, 

£.  H.   RUFFNRR, 

Captain  of  Engineer$, 

Col.  QUIXCY  A.    GiLLMORK, 

Corps  of  Engineers,  President  Mississippi  River  Commission, 


FINANCIAL  STATEMENT. 

Appropriation  July  5,  18i<4 $200,000  00 

Received  from  Captain  Kufiner,  sale  of  fnel 43  89 

Total $200, 043  «9 

Expended  by  Major  Mackenzie $9, 513  61 

Rxpended  by  Captain  Rntt'ner,  to  October  1,  lHcJ4 8,737  74 

Expended  by  Captain  RuHher,  October  1,  1884,  to  June  30, 
ItHf) : 

Care  aiid  maintenance  of  plant 4, 436  14 

Dams  between  Canton  and  La  Grange 11,910  19 

Dredging  in  Quincy  Bay 8,593  79 

Lfmisiana  Brokau  Island  Dam 25,933  81 

Operations  Coal  Bluft*  and  barges 3, 137  97 

Office  expenses t 5, 471  52 

Plant 9,882  48 

Quincy  shore  protection 4,313  28 

Repairs  to  Brush  Fence  1  )am 1, 049  66 

Repairs  to  Hannibal  Dam 2,192  07 

Repairs  of  Denmark  Dam 6.125  48 

Repairs  to  steamer  Coal  Blutf,  including  new  boilers  ...  5,371  61 

Survey  account 3,155  59 

Gauge  account 27  00 

Total  expenditures 109,851  94 

Balance  on  coutract,  II.  S.  Brown 3, 906  21 

Allotted  for  continuing  snagging  operations,  Upper  Missis- 
sippi River 5,000  00 

118, 758  15 

Balance  available  June  30,  1885 $81,285  74 


Approximate  value  of  plant  belonging  to  the  United  States  and  used  upon  the improvemml 
of  Mississippi  Hirer  from  Dts  Moines  Rapids  to  mouth  of  Illinois  River — Illinois  and 

Missouri, 


Class  of  property. 


Steamer  Coal  BliilF ^ 

Lauiicli  IreiM' 17 

6  TiKMh'l  l»aiu«*H,  at  $2,700 ^. 

3  modi'l  bar^iH  (No8.  4H,  40,  aud  51),  at  $1,000. 

1  old  burjii*  (Nu.  53) 

1  coal  Hat  ...  

5  now  HatH,  at  $1.500 

1  now  tiat 

1  pil*' -driver  and  tender 

1  diedte  

6  dunip-boatH.  at  $900 

1  qiinitor-lMJUt 

2  <|iiartt'r-lM>atri,  at  $400 

2  qiiai  ter-lM>at R.  worthlcsfl 

8  Hkifl'M,  at  $15 

TooIh  and  applianroH 

Survey in>:  in8triimenta 

OHice  fill  nituro 


Total. 


Approiinate 

Taioe,  June 

80,188Su 


•IS,  000  N 

1.500M 

IfllSOOM 

8,000  N 


1,000M 
7.500M 
I^IOOM 
1. 000  00 
22,500  10 
5^400  00 

1. 


ITSklMM 
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Appendix  F.  * 

BKPORT  OF  MAJOR  O.  H.  ERNST,  CORPS  OF  ENGINEERS,  UPON  THE  IMPROVEMENT  OF 
THE  MISSISSIPPI  RIVER  BETWEEN  THE  MOUTH8  OF  THE  1  ILLINOIS  AND  OHIO 
RIVERS. 

United  States  Engineer  Office, 

Saint  Louis  J  Mo.,  June  Iti,  1885. 

Colonel  :  In  compliance  \7itb  the  instructions  contained  in  your  letter  of  the  1st 
instant,  to  **  prepare  a  brief  report  of  operations  in  the  district  under  your  [my]  charge 
from  the  date  at  which  the  last  aunral  report  leaves  them,  to  June  30,  1885,'' I  have 
the  honor  to  submit  the  following: 

My  last  annual  report  brought  the  history  of  the  works  down  to  October  1,  18S4. 
At  that  date  operations  were  in  progress  at  Horsetail,  Twin  Hollows,  Pulltight,  Jim 
Smith's,  and  Cairo,  and  ha<l  been  begun  at  Alton,  but  at  that  locality  were  temporarily 
suspended  on  account  of  high  water.  In  addition  to  continuing  these  works,  some 
vrork  has  been  done  at  Arsenal  Island  and  Cahokia  Chute,  and  Chesley  Island.  All 
of  these  except  Alton  and  Cairo  form  part  of  the  continuous  series  of  works  just  below 
Saiut  Louis. 

ALTON. 

The  work  of  filling  up  the  depressions  in  the  dike  opposite  and  above  the  city,  and 
of  raising  the  general  level  of  its  crest,  was  resumed  November  1,  and  continued  to 
December  3,  when  it  was  suspended.  The  quantity  of  material  placed  was  5,253  cu- 
bic yards  riprap.  The  dike  was  completed  to  its  full  height  of  14  feet  above  standard 
low  water  over  a  distance  of  4,000  feet,  measured  from  its  shore-end.  The  remaining 
portion  of  the  dike,  800  feet  in  length,  is  loft  at  a  lower  level.  The  good  results  at 
the  Alton  landing  previously  reported  have  been  maintained.  No  further  work  is 
required  here  for  the  present. 

ARSENAL   ISLAND   AND  CAHOKIA   CHUTE. 

The  revetment  at  the  head  of  Arsenal  Island  was  completed  this  spring  by  being 
carried  up  to  the  top  of  the  bank  for  a  distance  of  675  feet  on  the  west  side  and  355 
feet  on  the  east  side,  both  measured  from  the  up-stream  point  of  the  island.  A  tem- 
porary protection,  consisting  of  a  mattress  40  foot  wide,  was  also  placed  on  the  east 
side,  extending  from  the  end  of  the  permanent  protection  to  Hurdle  No.  2,  across 
Cahokia  Chute.  Some  small  repairs  were  made  in  Hurdles  Nos.  1  aud  2,  across 
Cahokia  Chute.  Heavy  additional  deposits  have  been  secured  in  the  chute.  The 
least  depth  of  channel  A)und  in  this  vicinity  since  my  last  report  was  12  feet. 

HORSETAIL. 

In  continuing  the  protectiim  of  the  new  bank  on  the  west  side  the  revetment  was 
carried  up  to  a  height  of  from  16  to  21  feet  above  standard  low  water  for  a  length  of 
2,140  feet  and  to  a  heij':ht  of  11  feet  for  a  length  of  620  feet.  The  total  length  of  this 
revetfuent  is  Ii,910  feet  over  which  distance  all  erosion  has  been  stopped. 

Upon  the  Illinois  side  Hurdles  Nos.  27^  and  29^,  which  were  nearly  finished  at  the 
date  of  my  last  report,  were  completed  and  No.  31,  which  had  just  been  begun,  was 
built  to  its  full  length  of  2,r»75  feet.  A  new  hurdle,  No.  32,  was  laid  out  about  1,000 
feet  below  No.  31,  and  was  built  to  its  full  length  of  2,775  feet.  Nos.  31  and  32  were 
complete<l  excei)t  that  for  a  length  of  800  feet  at  the  outer  end  of  No.  31  and  300  feet 
at  the  outer  end  of  No.  32  the  wattling  was  not  carried  to  the  tops  of  the  piles  but  was 
left  at  a  level  8  feet  above  standard  low  water.  This  was  done  in  accordance  with  my 
regular  pr.ictice  not  to  bring  too  heavy  a  strain  upon  the  hurdles  at  tirst  in  deep  water. 
The  wattling  will  be  continued  to  full  h%^'ight  after  the  hurdles  shall  have  been  rein- 
forced by  deposits.  Some  extensive  repairs  were  found  necessary  in  the  Carroll's  Island 
hurdle,  which  were  made.  Heavy  additional  deposits  have  been  secured  on  both  sides 
of  the  river.  The  least  depth  of  channel  found  in  the  Horsetail  Reach  since  my  last 
re])ort  was  9  feet. 

TWIN   HOLLOWS,   WEST   SIDE. 

The  repairs  in  the  primary  hurdle  and  in  secondary  Nos.  4  aud  5  were  completed 
The  construction  of  an  additional  hurdle,  to  be  called  No.  6,  had  been  contemplated, 
but  the  idea  was  abandoned  for  the  present,  when  Congress  adjourned  without  renew- 
ing the  ap])ropriations.  Large  additional  deposits  have  been  secured  here.  The  least 
depth  of  channel  found  in  this  vicinity  since  my  last  report  was  8^  feet.  • 
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TWIN  HOLLOWS,    EAST  SIDE. 

Tho  extension  dowu-strcam  of  the  revetment  at  this  place  was  continued.  The  mat- 
tress, 120  feet  wide,  to  be  placed  below  low- water  marK,  which  at  the  date  of  uiy  last 
report  had  reached  a  lengtn  of  ^0  feet,  was  extende<l  1,8'.{5  feet,  making  its  total  length 
2,825  feet.  Being  thus  connected  wich  the  head  of  the  Palltight  work,  it  was  cnt 
loose  from  the  ways  and  sunk.  Ripraj)  was  deposited  upon  the  bank  above  low-water 
mark,  raising  the  revetment  to  higher  levels  at  various  parts  of  the  old  and  new  work, 
where  tho  bank  had  been  graded  to  a  projier  slope  by  the  action  of  the  river. 

From  Station  22  to  Station  47,  and  from  76  to  81,  it  was  raised  to  a  height  10  feet 
above  standard  low  water,  and  from  Station  87  +  5(^  to  Station  9:)  -f- 75  to  a  height  10 
feet  above  the  same  plane.  The  total  length  of  this  revetment  is  11,400  feet.  Some 
portions  of  it,  ])artLcular1y  at  the  down-stream  end,  will  be  raised  to  higher  levels  in  the 
future  as  the  upper  bank  takes  a  proper  slope.    All  of  it  stands  intact. 

PULLTIGHT. 

The  construction  of  Hurdle  No.  4,  which  was  progressing  at  the  date  of  my  last  re* 

Sort.,  was  completed.  A  new  hurdle,  called  No.  3,  was  laid  out  about  1,^)00  feet  below 
o.  2,  and  built  out  to  a  distance  of  5.^0  feet  from  shore,  where  it  connected  with  a 
high  liar.  Some  repairs  were  made  in  Nos.  I  and  2  and  in  the  primary  hurdle.  Large 
additional  deposits  have  been  securtMl  among  the  h.urdles. 

CIIESLEY  ISLAND. 

The  revetment  placed  in  former  years  at  Chesley  Island  stands  intact.  It  wai 
thought  desirable,  however,  to  raise  the  level  of  the  portion  of  it  near  the  head  of  the 
island  to  the  full  height  of  tlie  bank.  This  was  done  for  a  dist«noe  of  590  feet  on  the 
east  side  and  410  feet  (m  the  west  Hide.  Tlie  hurdle  in  the  chute  west  of  the  island 
remains  in  bad  condition.  Tho  reduction  of  force  made  necessary  by  the  failure  of 
the  river  and  harbor  bill  at  the  luKt  session  of  Congress  hiu)  rendered  it  impractica- 
ble to  rt^pair  it  this  spring,  as  was  conteinjdated.  It  is  exiMicted  that  that  can  be 
done  during  the  coining  year  with  funds  now  available. 

.JIM  smith's. 

The  primary  hurdle  was  repaired  and  reinforcwl  for  a  length  of  1,600  feet  from  shore, 
where  it  t.erniiiiat<*d,  and  the  thirteen  seeondary  hurdles  contemplated  in  the  pn»ject 
were  practicallv  coniplete<l.  No.  1  is  l,()r>0  feet* long;  No.  2,  1,640  feet;  No.  2J,  2,t)lO 
feet;  No.  3,  1,800  feet;  No.  3^,  l,r)2:.  feet;  No.  4.  1,300  feet;  No.  4*,  1,170  feet;  No. 
5,  1.070  foet ;  No.  .^lA,  1,11.')  feet ;  No.  «,  890  feet ;  No.  6i,  a80  feet ;  No.  7,  8SK)  feet ;  No. 
7i,  l,Or>0  feet.  Nos.  3^  and  .'»^  were  slightly  damage(l  by  ice  during  the  winter,  and 
were,  roi>aired  ;  Xos.  1,  2,  2^,  3,  '.U,  4,  4  A,  .'S,  and  5^  were  completed  to  their  full  length. 
Nos.  (),  (4, 7,  and  7|  extend  from  shore  to  a  high  bar  near  the  proposed  new  shore-hne. 
A  heavy  rise  in  the  river  brought  the  work  to  a  close  about  the  middle  of  June.  At 
that  time  the  hurdles  were  all  completed  for  the  lengths  above  given,  except  that  the 
wattling  had  not  Ix^en  placed  for  a  h'ugth  of  about  125  feet  at  theou1«r  end  of  No.  2^, 
and  for  a  length  of  about  (>()  feet  near  the  shore-end  of  each  of  Nos.  6,  G^,  7,  aod 
7^.  I^arge  deposits  have  been  secured  over  the  area  to  be  reclaime<1.  The  least  depth 
of  channel  found  in  this  vicinity  since  my  last  report  was  10|  feet. 

CAIRO. 

The  niattr4>ss,  120  ffet  wide,  to  be  placed  below  low-water  mark,  which  at  the  date 
of  my  last  re])ort  had  reached  a  length  of  1,012  feet,  was  extended  down-stream  3,5G1 
feet,  making  its  total  length  4,503  feet,  when,  having  reached  the  limit  of  any  threat- 
ened undermining  (»f  tlie  bank,  it  was  cut  loose  from  the  ways  and  sunk. 

Two  smaller  mattresses,  100  iet?^t  by  30  feet,  and  120  feet  by  40  feet,  TespectiTel7| 
wer«'  fabricated  and  ])Iaced  between  the  fifth  and  sixth  of  the  old  spur-dikes.  TheolQ 
]>roteetion  i)hu'ed  by  the  Cairo  Land  Company  above  the  water-surface  was  re-enforced 
and  repaired  wherever  it  seemed  necessary  by  the  deposit  of  riprap.  Aboat  45,&56 
squarr.  IVet  of  surfact^rxtending  over  l,l'>*^  linear  feet  of  the  bank,  was  ooyered  with 
stone.  Near  th(^  down-strrain  end  of  the  new  mattress  the  slope  of  the  bank  was  so 
abrupt  that  no  stone  was  ]>laeed  for  a  IcMigth  of  (KiO  feet.  The  revetment  seems  now 
to  be  in  serviceable  condition,  at  least  for  low  and  medium  stages  of  the  river.  The 
balance  of  the  funds  available  for  this  work  are  being  held  to  await  the  action  of 
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high-water  upon  the  upper  portions  of  the  hank,  and  to  raise  the  down-stream  por- 
tion of  the  new  work  to  a  higher  level,  as  the  hank  takes  a  proper  slope  hy*the  action 
of  the  river. 

EQUIPMENT. 

Thirteen  model  barges  were  huilt  under  contract  hy  the  Paducah  Ship-Yard  Com- 

Eany,  of  Paducah,  Ky.     Barge  No.  20  was  run  into  and  sunk  hy  one  of  the  Anchor 
line  boats,  aud  proved  a  total  loss,  and  live  more  of  the  old  barge-flats  became  un- 
aerviceable  and  were  sunk. 

FINANCIAL  STATEMENT. 

A  financial  statement,  including  a  statement  of  the  expenditures  at  each  locality, 
for  the  end  of  the  fiscal  year,  will  be  forwarded  as  soon  as  practicable  after  the  year 
closes. 

Very  respectfully,  your  obedient  servant, 

O.  H.  Ernst, 
Major  of  Mngineera. 

Col.  Q.  A.  GiLLMORE, 

Corps  of  Engineers f  U.  S.  J., 

President  Mississippi  Itiver  Commission. 


FINANCIAL  STATEMENT. 

July  1,  1884,  amount  available '.  $526,354  51 

Jnly  1,  1885,  amount  expended  during  fiscal  year,  exclusive  of 

outstanding  liabilities  July  1,  1884 $412,494  48 

July  1,  lo85,  outstanding  liabilities 6, 286  12 

418,780  60 

July  1,  1885,  amount  available 106,573  91 

Submitted  in  compliance  with  requirements  of  section  2  of  river  and 
harbor  acts  of  1866  and  1867. 


Statement  showing  expenditures  for  constructiont  4'o.ffor  improi>ement  of  Mississippi  River 
between  mouths  of  Ohio  and  Illinois  rivers  j  Illinois  and  Missouri,  for  the  fiscal  year  end- 
ing June  aO,  1885. 


For  what  expended. 


Alton  Dike 

Arsenal  laland 

Cabokia  Chute 

Horsetail,  we«t  side 

Horsetail,  east  side 

Twin  Hollows,  west  side 

Twin  Hollows,  east  side 

Jim  Smith's 

PuUtipht 

Cairo  Protection 

Chesloy  Island 

Thirteen  model  barges  purchased 

Pile  timber  purchased , 

Non-payment  

Extraordinary  repairs  to  plant  and  value 
of  material  purchased  and  on  hand 


Cash. 


$9,546 

10.234 

3,370 

8.979 

67,413 

19,589 

15,  510 

134,  652 

31,246 

28,501 

864 

38,390 

20.458 

251 


74 
18 
07 
87 
36 
92 
23 
43 
06 
50 
03 
60 
08 
48 


28, 171  50 


417, 179  55 


Material 
preTioasly 
parchasecL 


PUni. 


Liabilities 
acomed. 


I 


$377  66 

110  36 

860  45 

2,330  00 

775  80 

608  24 

4,792  M 

1, 115  12 


$1, 362  41 
420  83 
1, 152  04 
8,405  64 
2, 519  63 
1.903  66 

16.808  96 
3,787  24 


10, 469  67 


SO  15 


1, 706  50 


$78  31 

1695 

45  38 

421  91 

106  20 

79  48 

684  54 

157  61 

81  15 


88,207  06  1      1,67148 


TotaL 


$9,546  74 
12. 052  56 
3, 918  21 
10,587  24 
78, 570  91 
22,991  55 
18,191  56 
16f,987  97 
86,306  03 
28,582  65 

914  18 
38,890  60 
22,164  58 

251  48 

28,171  50 


467. 527  76 
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Approximate  value  of  plant  belonging  to  the  United  States  and  need  upon  improvememi  ef 
the  Mississippi  River  between  mouthe  of  Illinois  and  Ohio  rivers. 


Class  of  propert3'.                                                            '  vtlnt'  Jbm 

I  30,18BS. 

I 

1  steamer,  A.  A.  Humphreys |  $19,10  46 

1  steamer.  General  Gillmore ,  18,582  It 

1  lanncb,  Florence 700  M 

16  barges,  model,  old \ 

ISlMirges.  model,  new ■  S.  81,051  •• 

17  barge-flat* J 

20  pile-drivers i  84.745  44 

1  machine  shop,  floating :  1,88511 

1  whnrf-boat !  Ml  M 

5  qnarter-bonts 8^775  18 

Tlskifis i  886  U 

48yawl8 i  1.68lf7 

119  flats 5,754  11 

1  hydraulic  excavator '  8,771  44 

2  ways  for  mattresses 8,851  01 

Tools  and  appliances 8,518  71 

Photographic  apparatus !  838  51 

Office  furniture  ;  771 17 

Surveying  instruments : !  088  9 

Boarding  outflt. >  14,788  9 

Total 186,188  41 


Appendix  G. 

report  of  captain  smith  rt.  leach,  corps  of  engineers,  upon  opbrations  in 

first  district. 

United  States  Engineer  Offick, 

Memphis t  Tenm,^  June  16, 18dS. 

Genrual:  Pursuant  t^  the  instractioiiR  contained  in  your  letter  of  the  let  instant, 
I  have  the  honor  to  submit  the  following  report  of  opt^rations  for  improving  Minis- 
sippi  River,  Fir^t  District,  carried  on  under  the  direction  of  the  Cominiasion,  ftomOo- 
tober  1,  l>:^4,  the  dat^  when  its  progress  was  last  reported  to  Congrens,  to  the  end  of 
the  ])resent  month  and  fiscal  .year. 

I  relieved  Ca]>t.  J.  G.  D.  Knight,  Cor])s  of  Engineers,  of  the  charge  of  this  dittriet 
on  A]>ril  14,  lH8r>,  at  which  date  all  work  had  been  snspended  and  the  force  rednoed, 
both  in  numbers  and  salaries,  to  the  lowest  practicable  basis  compatible  with  the 
safety  of  the  property. 

Among  those  discharged  were  the  assistants  in  general  charge  and  all  bat  one  of 
those  in  local  charge  of  the  various  constructions.  In  making  up  this  report  I  have 
had  to  rely  entirely  on  the  ten-day  reports  of  the  assistants.  These  are,  in  the  main, 
formal  in  style  and  matter,  and  enable  me  to  chronicle  only  the  progress  of  the  worki 
and  their  present  condition  and  rt>.sults.  Whatever  those  gentlemen  may  have  ae- 
qnired  of  that  higher  experience  by  which  errors  are  avoided  and  snccesses  repeated 
has  not  b(»en  recorded. 

As  no  (*hang(*8  in  methods  of  constrnction  are  noted  in  the  reports,  the  presnmp- 
tion  is  that  standard  constructions,  fully  described  in  preceding  reports,  were  fol- 
lowed to  the  close. 

Materials  and  snpplies  were  obtained  under  contracts  made  at  the  beginning  of  the 
season,  and  noted  in  last  report.  Apart  from  such  contracts,  the  work  waa  done  hj 
hired  labor. 

(JOLD   dust  dike. 

At  the  <late  of  my  last  re])ort,  October  1,  1884,  this  system  of  dikes,  consisting  of 
a  main  r>r  longitudinal  dike  2  miles  long  and  seven  cn>a.s-dike8  connecting  it  with 
th<»  Teune8se<»  shore,  was  eom]>lete,  except  a  lew  breaks  in  the  two  lower  crbsSHlikes, 
caused  by  the  high  water  of  .January,  18^4,  and  which  it  hail  been  decidecl  unnecet- 
sary  to  close,  and  ga])s  in  the  main  and  upper  cross-dike^,  left  for  the  passage  of  ma- 
terial. The  closure  of  the  latter  gaps,  with  one  exception,  was  in  progress  and  wis 
prosecuted  with  vigor  during  the  rest  of  the  year.  In  addition  to  the  new  work  nec- 
essary, the  older  ]>ortions  of  the  main  dik<*  were  thoroughly  gone  over  and  repaired* 
This  2)ortion,  built  of  cottonwood,  had  been  standing  over  two  years,  and  hadgraiily 
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deteriorated  in  strength  by  dry-rot,  especially  of  riders  and  braces.  The  latter  had 
been  broken  down  in  many  cases  by  drift  lodging  on  the  dike,  and  in  many  others  by 
rotting  off.  Numbers  of  them  were  broken  while  drawing  the  new  cables,  and  a  ten- 
sion bi'iow  the  standard  had  finally  to  be  adopted.  Besides  these  repairs,  the  closing 
of  the  break  of  400  feet  in  the  main  dike  just  below  cross-dike  No.  3,  made  in  the 
high  water  of  lb83,  was  eomnleted. 

In  addition  to  the  pile- work  above  described,  a  mattress  partly  supplied  qnillage 
and  foot-mats  for  tlie  new  work,  and  foot-mat  in  fhmt  of  main  dike  for  about  5,000 
feet,  mainlv  from  No.  2  dike  down.  Part  of  this  was  new  work  and  part  a  widening 
of  old  work  deemed  too  narrow. 

The  expenditures  at  this  point  from  October  1, 1884,  to  April  1,  ISBT),  were  $38,230.32 
inclusive  of  pro  rata  of  all  miscellaneous  and  general  expenses.  Expenditures  since 
April  1  liave  been  exclusively  for  care  of  property,  and  although  they  must  perforce 
appear  us  part  of  the  gross  cost  of  the  improvement,  they  are  not  incladed  in  making 
up  the  cost  per  unit  of  various  kinds  of  work.  The  plant  is  being  maintained  in  view 
of  future  rattier  than  past  work,  and  the  cost  of  such  maintenance  should  properly 
be  charged  to  future  constructions. 

It  is  dithnult  to  reduce  such  patchy  and  miscellaneous  work  to  an  arbitrarj-  nnit. 
Captaiu  Knight  last  year  estimated  the  complete  aud  partial  work  done  here  to  Octo- 
ber I  as  equivaleut  to  38,1)74  feet  of  finished  dike,  and  that  necessary  to  complete  the 
system  as  equal  to  1,400  feet.  He  gave  the  cost  per  linear  foot  of  dike  at  $15.26,  of 
which  $1.40  was  for  repairs,  leaving  $13.86  as  the  cost  of  new  work.  Adopting  theSe 
figures,  and  completing  the  record  to  date,  there  have  been  constructed  40,374  feet  of 
dike,  costing  $15.77  per  foot,  including  $1.91  per  foot  for  renewals  aud  repairs. 

On  January  11,  1885,  a  break  occuiTed  in  the  main  dike,  300  feet  above  cross  dike 
No.  3.  When  first  noticed  it  was  80  feet  wide.  Within  a  f6w  days  it  increased  to 
250  feet,  since  when  the  increase  has  been  little  or  nothing.*  On  February  27  a  break 
in  main  dike  300  feet  wide  was  discovered  400  feet  below  cross-dike  No.  2.  This  break 
has  not  materially  enlarged.  Both  these  breaks  were  thought  by  the  assistant  in 
charge,  and  apparently  with  good  reason,  to  have  resulted  from  the  weakened  condi- 
tion of  the  dike,  due  to  rotting  of  piles  and  braces.  The  upper  break  was  precipi- 
tated by  large  masses  of  ice  lodging  on  the  braces  as  the  water  fell,  and  subsequently, 
after  these  were  broken  down,  striKing  the  unsupported  piles.  These  two  breaks  in 
the  main  dike,  aggregating  about  550  feet,  have  been  the  only  losses  sustained  by 
the  Gold  DuHt  system  during  the  period  covered  by  this  report,  so  far  as  could  be  seen 
at  the  lowest  stage  of  water  which  has  occurred. 

In  general,  the  <lepositH  within  and  below  this  system,  since  last  report,  have  been 
constant  but  slow,  as  the  periods  of  high  water  have  been  short.  Locally,  great 
changes  have  taken  place,  and  of  these  the  fill  in  the  old  service  channel,  closed  as 
above  described,  may  be  cited  as  an  example  of  the  astounding  results  which  may  be 
obtained  under  fav(»rable  conditions.  This  channel,  passing  through  the  main  dike 
at  its  junction  with  No.  1,  was  at  that  point  in  October  last  ^Ufeet  deep  at  low  water. 

It  is  now  dry  at  12  or  13  feet  above  low  water,  giving  a  fill  of  45  feet  obtained  in 
one  insigniticanf  rise.  This  channel  is  closed  to  ^o.  2  dike.  Its  closure  below  that 
point  wjis  ]>re vented  by  the  break  in  the  main  dike  below  No.  2,  which  sent  a  supply 
of  water  obliquely  across  to  the  gap  iu  the  »shore  end  of  No.  3,  and  thence  down  Elmot 
Chute.  There  has  been  cut  out  iu  the  path  of  this  current  a  channel  which  will  prob- 
ably discharge  at  the  lowest  stage.  Water  flowing  through  the  lower  break  in  the 
main  dike  also  contributes  to  the  discharge  of  Elmot  Chute.  No  change  has  been 
noted  iu  the  depth  of  this  chute. 

PLUM   POINT   DIKES. 

Of  this  system,  intended  in  connection  with  closure  of  BuUerton  Chute  and  the 
holding  of  the  tow-head  to  confine  the  water  in  crossing  Bullerton  Bar,  a  main  and 
six  cross-dikes,  aggregating  15,000  feet  in  length,  were  in  progress  at  last  report  and 
had  been  completed  except  some  mat-work  and  wiring,  principally  on  Nos.  5  and  6^ 
and  bank  protection  at  the  roots  of  the  same  dikes. 

The  work  mentioned  was  practically  completed  in  October  and  November,  though 
a  small  party  worked  on  the  wiring  tor  some  time  longer. 

The  expenditures  here  from  October  1,  1884,  to  April  1,  1885,  were  $29,576,  and  re- 
sulteil  iu  15,010  feet  of  completed  dike,  at  a  gross  cost  of  $371,108.36,  being  $24.72 per 
linear  foot. 

Xos.  r>  and  G  crossed  one  of  the  three  low-water  channels  of  the  previous  season, 
which  they  were  dewigned  to  close.  During  the  nin  of  ice  the  other  channels  were 
nearly  closed  by  a  gorge,  and  the  ellort  of  the  river  against  No.  5  was  correspondingly  in- 
creased.    It  was  localized  at  a  point  where  the  tip-mat  had  not  been  completed,  and 

•  Since  the  above  was  written,  report  has  been  received  of  the  widening  of  this  gap 
to  500  feet. 
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OD  January  4,  185  feet  went  out,  aeconipaniod  by  a  small  gap  in  No.  6  where  it  croswd 
the  old  ehauuol.  The  gap  in  No.  5  haH  increased  to  about  250  feet,  and  another  one 
of  50  feet  has  been  made  between  it  and  the  outer  end.  About  100  feet  of  the  extreme 
end  have  been  worn  away,  making  an  estimated  total  of  400  feet  of  No.  5  lost. 

At  the  outer  end  of  No.  6,  and  at  a  point  near  the  middle,  a  settlin(r  of  the  dike  waa 
observed,  the  whole  structure  going  down  about  5  feet,  but  remaining  erect  and  in- 
tact. This  appears  to  be  the  iirst  occurrence  of  this  phenomenon,  and  lias  not  as  yet 
been  satisfactorily  explained. 

Considerable  depoHits  within  the  limits  of  this  p.ystem  were  noticed  before  the  dikes 
were  completed,  and  their  eftccc  since  has  been  marked,  although  no  rise  of  any  con- 
siderable duration  has  passe<l  over  them.  The  last  detailed  survey  in  January  showed 
an  average  till  of  5  feet  over  the  area  inclosed  and  that  atlected  by  the  dikes.  The 
latter  area  is  included  between  the  Tennessee  shore  and  a  line  prolongeil  in  the  trend 
of  the  outer  ends  of  the  dikes,  as  far  <lown  tu  Yankee  Bar.  Late  reconnaisKances  show 
the  fill  to  have  continued.  Within  the  dikes  it  averages  probablv  15  feet.  The  Yankee 
Bar  low-water  channel  has  nearly  or  quite  filled  up  despite  the  breaks  in  Noti.  5  and  6. 

DIKES  TO  CLOHK   BULLKRTON   CIIUTR. 

These  comprise  Osceola  No.  4  and  Bullerton  Nas.  1  and  2. 

At  last  report  Osceola  No.  4  lacked  about  300  feet  of  oomplotion.  The  gap  wm 
toward  the  Arkansas  shore,  where  the  river  had  tried  to  break  into  Bullerton  Chute. 
A  constant  draught  of  water  toward  the  opening  brought  considerable  quantities  of 
drift,  which  caused  much  annoyance.  Work  was  greatly  impeded  by  high  and  at 
last  stoi>ped  by  low  water.  The  gap  was  closed,  however,  the  remaining  work  being 
in  the  rear  row  of  piles.  It  has  stood  well  and  answered  every  purpose  of  a  completed 
dike.  It  has  cfdlected  a  large  field  of  drift  and  caused  a  heavy  till  above  and  below 
it.  It  has  been  a  valuable  protection  to  Bullerton  No.  1,  and  has  contributed  in  no 
small  degree  to  the  closure  of  Bullerton  Chute,  which  now  appears  to  be  an  asaared 
fact. 

Dikes  1  and  2  in  Bullerton  Chute  work  were  completed  by  the  construction  of  work 
amounting  to  about  1,000  feet  of  dike.  The  openings  had  been  previously  mattressed. 
In  driving  No.  1  through  the  deep  water  uiul  i*apid  current  of  the  old  channel  there 
was  a  shortage  in  the  supply  of  long  piles,  and  to  avoid  bringing  the  work  to  a  stand- 
still many  sticks  of  insutficient  length  and  strength  were  used.  In  this  portion  a 
gai>  of  about  100  feet  bus  been  nuule  by  drift.  It  is  next  the  Arkansaa  shore.  The 
mattress  ]>revented  any  scour  at  the  opening,  and  the  efi'ect  of  the  gap  haa  probably 
been  to  accelerate  the  deposits  in  the  chute  bv  admitting  more  water,  while  i(  haa 
doubtless  retarded  the  deposits  in  and  below  tne  gap  in  the  Osoeola-Bullerton  dike 
by  increasing  the  current  there.     No.  2  is  in  perfect  condition. 

The  expenditures  on  these  three  dikes,  including  the  slight  repairs  to  Osceola  No.  3, 
were  $:U,919.89. 

Bullerton  Chute  is  rapidly  filling  up.  P^iU  half  the  area  between  Nos.  1  &nd8ia 
above  extreme  low  water.  '  Two  hundred  feet  below  No.  2  the  bottom  is  nowhere 
more  than  8  feet  below  the  same  plane. 

FLETCIIKR*8  FIELD   REVETMENT. 

Since  October  1,  there  have  been  constnicted  at  this  point,  in  continuation  of  work 
and  project  mentioned  in  last  report,  400  feet  of  mattress  and  2,500  feet  of  upper  bank 
iH^vetnient,  involving  2,000  feet  of  grading.  At  the  close  of  operations  the  completed 
revetment  covered  5,343  feet  of  the  bank.  There  was  also  1,100  feet  of  low- water  pro- 
tection without  the  corresponding  upi)crbank  work.  The  completed  work  is  in  three 
sections.  The  lowest  one,  800  feet  long,  near  Elmot  Landing,  was  put  in  for  local 
reasons;  a  very  rapid  cave  at  that  point  threatening  the  continuity  of  the  curve  of 
the  bend.  ThiH  work  is  intact  and  has  fulfilled  its jmrpose.  The  two  sections  of  the 
systematic  work  are  separated  by  nearly  a  mile.  ThiH  api>ear8  to  hava  been  skipped 
in  the  first  iitstance  to  await  the  removal  of  sunken  timber,  which  required  the  efforts 
of  one  of  the  large  snag-boats  for  its  accomplishment.  The  Macomb  was  loaned  fiir, 
the  purpoKc  and  the  bank  was  cleared,  but  at  a  date  so  near  the  close  of  operatiom 
that  neither  th«*  time  nor  the  money  was  available  to  close  the  gap. 

The  ctmipleted  work  is  in  ])erfect  condition  so  far  as  visible,  and  there  is  nothing  to 
suggest  any  damage  to  the  subaqueous  mattress.     A  loss  of  60  feet  at  the  lower  end 
of  the  lower  section  has  been  reported,  due  to  caving  working  up  fh>m  below.    It  is  ' 
more  probable  that  this  (K)  feet  has  fallen  down  partly  around  the  false  point,  and 
has  prevented  greater  loss. 

The  expenditures  chargeable  to  this  work,  including  the  cost  of  the  snag-boat,  an 
$71,442.67. 
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REVETMENT  OF  LOWER  OSCEOLA  BAR. 

OperationH  at  this  point  comprised  the  making  and  sinking  of  2,200  feet  of  mattress 
and  the  making  of  2,000  feet  of  complete  and  1,200  feet  of  partial  npper  bank  pro- 
tection, including  1,500  feet  of  grading.  The  close  of  operations  found  the  bank 
completely  revetted  for  a  distance  of  4,500  feet  from  the  head  of  the  bar  down,  with 
700  feet  of  low  water  and  partial  upper  bank  work  below  this. 

The  only  injury  this  work  has  sustained  has  been  a  slide  of  about  100  feet  in  length, 
the  middle  having  gone  down  about  10  feet  and  the  ends  nothing.  The  cause  of  this 
was  seepaj^e  from  ponds  left  by  the  falling  water.  The  nearest  of  these  approached 
within  a  few  yards  of  the  bank,  just  behind  the  break,  and  its  water  surface  was, 
when  lirst  observed,  .'i  or  6  feet  above  the  river.  The  sand  between  the  pond  and  the 
river  was  of  the  consistency  of  mortar.  This  pond  was  drained  at  a  cost  of  ^11,  and 
the  sinking  was  immediately  arrested. 

Expenditures  here  were  |(i4,105.H8. 

KKVETMENT  OF   THE   FACE   OF   BULLERTON  TOWHEAD. 

This  work  consisted  entirely  of  repairs  to  previous  work  to  make  good  damage  caused 
by  seepage.  It  is  noteworthy  for  the  two  methods  tried,  which  may  be  described  as 
a  method  by  draining  and  a  method  by  bulkheading.  The  former  consists  in  laying 
blind  drains  to  dry  out  the  bank  as  the  river  falls;  the  second  of  a  retaining  wall  of 
piles  and  brush  built  at  the  outcrops  of  the  water-bearing  stratum.  Neither  has  so 
far  failed.  The  former  will  be  cheaper  if  found  efifeotual.  The  assistant  retained  to 
care  for  the  property,  Mr.  A.  J.  Nolty,  had  charge  of  this  work.  His  report  is  fortu- 
nately available  for  details,  and  is  appended. 

The  necessity  of  draining  the  protected  banks  has  forced  itself  into  consideration 
through  repeated  disasters.  This  appears  to  be  the  first  serious  effort  in  that  direc- 
tion, and  its  n^snlt  is  thus  far  so  favorable  as  to  afford  strong  hope  that  the  last  and 
most  insidious  enemy  of   bank  rt^vetment  will  disappear  under  improved  practice. 

From  the  present  experience  it  seems  probable  that  banksofonlinary  difficulty  can 
be  kept  dry  with  stone  drains  at  a  cost  of  $1  per  linear  foot. 

Tbe  expenditures  were  119,653.24. 

KKVKTMENT   AT  CRAIGHEAD   POINT. 


• 


Work  at  this  point  was  undertaken  in  au  emergency  and  under  the  most  unfavor- 
able conditions.  The  river  at  a  low  stage,  thrown  back  from  the  BuUerton  dikes  on 
the  one  hand  and  the  Plum  Point  dikes  on  the  other,  broke  through  the  bar  in  anew 
cliannel,  debout^hing  not  more  than  1,500  feet  from  this  bank  and  almost  at  right  angles 
with  it.  Violent  caving  set  in  and  the  construction  of  a  mattressin  waterflowing  with 
a  velocity  of  7  feet  per  second  was  attempted.  The  results  were,  unusually  large  cost 
of  construction  and  excessive  losses  during  construction.  In  spite  of  all  difficulties 
about  1,000  fifct  of  subaciueoiis  mattress  and  500  feet  of  upper-bank  protection  was 
in  place  when  a  run  of  ice  interrupted,  and  later  exhaustion  of  funds  suspended  the 
work.  The  subaciueoiis  work  seems  to  have  stood,  as  at  the  lowest  stage  its  edge 
was  visible  at  ono  place,  and  the  caving  has  been  arrested.  That  it  should  have  done 
so  is  entirely  beyond  reasonable  expectation  and  should  not  be  taken  as  a  precedent 
for  leaving  small  pieces  of  work  isolated.  The  little  speck  of  upper-bank  work  left  un- 
protected on  a  rapidly  caving  bank,  beset  by  a  violent  current,  i^ent  in  at  once  as  a 
matter  of  <!oiirse. 

The  expenditures  at  tbis  point  were  |31,020. 

The  general  condition  of  the  river  within  the  limits  of  the  works  remains  as  at 
last  report,  excei)t  at  Bullerton  Bar,  where  the  lower  or  outside  channel  of  last  low 
water  has  sliifted  to  a  position  a  little  lower  down  and  in  prolongation  of  the  ends  of 
the  Plum  Point  dikes.  The  lower  end  of  the  bar  which  lay  off  the  foot  of  Bullerton 
Towhead  has  followed  the  (crossing  down-stream.  The  bar  which  formerly  joined  to 
the  head  of  Hullertoii  has  lieen  cut  through  next  the  towhead,  giving  about  2  feet  less 
water  than  the  lower  way.  The  crossing  from  Plum  Point  to  Bullerton  Light  and  be- 
tween the  two  described  has  not  changed  materially.  During  a  rapid  fall  of  10  feet 
in  as  many  days,  in  the.  latter  part  of  Slay,  these  three  routes  contested  for  the  honor 
of  the  rhanin'i.  The  middle  way  tinaliy  took  it  with  12  feet  at  a  12.5  feet  stage. 
The  others  «;ave  but  8  feet  and  10  feet.  Such  a  fall  is  the  most  favorable  phase  for 
producing  obstructions  to  navigation. 

TIjc  etiects  of  the  ditlerent  works,  as  noted  in  the  descriptions  of  them,  do  not  ex- 
actly measure  their  relative  usefulness  and  value.  The  Plum  Point  and  Gold  Dust 
system  of  dikes,  for  instance,  have  been  laid  down  on  the  same  plan:  that  of  a  main 
dike  run  out  obli<iuely  from  the  shore  and  connected  with  it  by  cross-dikes.  lu  de- 
velopment the  Plum  i^oiiit  is  about  60  per  cent,  of  the  Gold  Dust  system.    As  regards 

185  ENG 


2946      REPORT   OF   THE   CHIEF   OF   ENGINEERS,  U.  8.  ARMY. 

• 

the  total  volume  of  depoHits  secured  per  foot  of  dike,  the  two  systems  may  be  equally 
ottcctive.  But  the  Plum  Point  systeui  was  dosigued  to  detenniue  and  accelrrate  the 
formation  of  a  sand-bar  under  a  partially  sheltered  point,  which  should  restrict  the 
width  of  the  river  at  lower  stages.  The  deposits  induced  by  these  dikes  are  pnMluc- 
iug  precisely  this  etifect.  Tlie  system  is  but  one  year  ohl.and  should  its  aetiun  eon- 
tinue  durini;:  the  rest  of  its  life,  with  any  a]>proach  to  its  past  activity,  it  cannot  fail 
to  produce  the  effect  desired.  Hence,  for  such  a  situatitm,  such  a  systtMU  of  dikes  may 
be  taken  as  perfectly  successful,  and  as  form  in  jf  a  precedent  for  constructions  undrr 
like  conditions.  The  Gold  Dust  system  was  designed  to  close  two  side  ehanneU 
formed  by  two  islands,  and  separated  from  the  main  river  up  to  tha  bank  full  stage.  The 
deposits  have  been  enormous,  but  they  have  not  been  to  any  great  extent  in  the  chutes. 
They  have  thrown  a  barrier  across  the  upper  ends,  which  late  experience  lias  shown 
will  be  partially  broken  down  whenever  a  break  in  the  dikes  throws  a  concentrated 
volume  of  water  across  it.  The  dikes  are  now  beginning  to  succumb  to  age,  and  the 
chutes  though  reduced  in  size  are  not  closed. 

Thus  these  dikes  have  been  but  partially  successful,  and  if  the  results  of  the  last 
year  were  continued  during  the  life  of  another  set,  the  object  ainiefl  at  would  not  be 
reached.  These  considerations,  taken  with  the  gratifying  results  obtained  on  the 
other  side  by  closing  dams,  strongly  suggest  that  all  closures  of  Ai^A-irfi/er  cAw/e«  be 
made  by  works  of  small  development  and  extra  strength  placed  at  the  lower  end. 
The  water  bearing  the  coveted  sediment  must  cuter  at  the  upper  end,  and  the  portal 
should  be  kept  broad  and  inviting  to  the  last  moment. 

The  present  standard  dike,  considered  simply  as  a  structure  designed  to  meet  cer- 
tain strains  with  a  maximum  of  eflect  at  a  minimum  cost,  seems  everything  that  could 
be  desired.  In  bank  protection,  by  the  method  of  continnons  revetment  now  in  use,  the 
^TiiRt  desideratum  is  that  the  work  shall  be  complete ;  that  is,  that  it  shall,  in  one  work* 
i]ig  season,  be  extended  from  a  point  above  the  cave  to  a  point  below  it.  To  leave  an 
end  exposed  on  a  bauk  likely  to  cave,  or  leave  an  unprotected  upper  bank  over  a  sub- 
aqueous protection,  is  to  invite  destruction.  In  cases  of  absolute  necessity  the  for- 
mer risk  is  to  be  preferred. 

Later  im])rovements  in  this  class  of  work  have  been  principally  in  the  direction  of 
increased  longitudinal  strength.  Recent  ex])erience  furnishes  a  num1)cr  of  instances 
in  which  such  strength  has  limited  to  a  fault  what  otherwise  would  have  been  a  break, 
which  always  means  a  loss.  A  more  thorough  system  of  anchoring  to  the  bank  is  also 
desirable.  Work  of  this  class  on  this  reach  has  sulFored  a  very  small  percentage  of 
loss,  deH])ite  the  fact  that  it  has  invariably  been  done  in  deiiauce  of  the  two  most  im- 
portant conditions  of  success — enough  money  tx)  0ompleto  it,  and  plentiful  and  timely 
supplies  of  material.  The  one  is  the  principal  cause  of  loss  to  work  in  place,  and  the 
other  of  losses  during  construction.  The  latter,  it  may  be  remarked,  needs  only  a 
sufliciency  of  steamers  and  barges  to  eliminate  it  from  the  problem. 

There  is  submitted  herewith  a  report  by  Assistant  Engineer  A.  J.  Nolty,  who  had 
immediate  charge  of  the  re]>airs  to  Bullerton  revetment  and  the  two  Bullerton  dikes. 
In  order  to  present  all  the  inftirmation  attainable,  he  has,  at  my  suggestions,  added 
his  observations  of  the  other  works  and  some  data  as  to  their  original  extent  and 
present  condition. 

The  following  financial  statement  and  balance  sheet  exhibit  the  financial  condition 
of  the  district : 

APPROPRIATION    FOR    IMPROVING    MISSISSIPPI    RIVER,    ACT    OF    JULY    5,   1884,   FIRST 

DISTRICT. 

Financial  statement, 

Balances  on  hand  October  1,  1884,  as  per  last  report : 

Plum  Point  Reach $320,243  88 

New  Madrid  Keach 2,141  09 

Saint  Francis  Front 126  d9 

322, 511  « 

Expended  from  October  1,  1884,  to  June  15,  1885 {1299,756  23 

Estimated  liabilities  to  June  30,  1885 5,225  00 

■■    304,98125 

Balances,  June  30,  lj?r«r) : 

Plum  Point  Kcacn 1.^205  65 

New  Madrid  Heach 2,  i:«  09 

Saint  P>auci8  Front 126  89 

17. 530  « 
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GBNERAL  BALAKCX-SUXBT. 

Improving  Afia$iuippi  Biver,  Firit  Dttfriof,  PUm  Paint  Reatk* 
Dr.  Cr. 


Iffftr. 

Aug. 
Apr. 
8«pt 
Not. 

D«o. 
Mar. 


Aug. 
Apr. 


3.1881 
20.1882 
14,1883 

7.1883 
23,  1883 

10.1883 
4.1884 


2,1884 
1,1885 


I  To  allotment 

do 

!      ..  do 

To  cash  collected  . . . 

.  To  allotment  (trans- 

i      fer)    

'  Tu  allotment 

'  To   allotment,  less 

I      subsequent  trans- 
fers   

'  To  allotment 

.  To  general  senrlce, 
charges  to  date ... 


$508,095  18 

700, 000  00 

800,000  00 

20  00 

10,000  00 
67,000  00 


805,000  00 
800.000  00 

79,049  23 


Mar.    1,1884 


Apr.    1, 1886 


2, 889, 104  41 


June  15. 1886 


June  80, 1886 
June  80, 1886 


By  expendltares  of 
•eoretary  of  Con- 
ttraotion  Commit- 
tee from  Plam 
Point  allotments, 
to  date 

By  expenditures  of 
seoxetary  of  Con- 
struction Commit- 
tee  flrom  allot- 
ments tm  general 
service,  to  date  ... 

By  expenditnrep  of 
distnot  offices,  to 
date,  sa  per  Touch- 
er books  ....' 

By  liabilities 

By  balance   


$480,095  18 


70, 


049  S3 


l.M^ 

8. 

15. 


S06  Op 


2,8881104  41 


Improving  Mis8i$8ippi  BireTf  Fir9t  DiBiriotf  New  Madrid  Bmuk. 
Dr.  Cr. 


Aug.   2.  1882 


To  allotment,  less 
subsequent  trans- 
fers  


$313,500  00 


212,500  00 
^ — 


Mar.  81,1886 
Mar.  81, 1886 

June  80, 1886 


By  axpenditures  of 
district  offloes,  to 
dat« 

By  ezpenditursa  of 
•eoimaiy  of  Con- 
ttmetkm  Commit- 
tee, to  data 

By  balance 


$4,668  68 


306.808  » 
8, 188  68 


312;  860  68 


Improving  Mi$$i$8ippi  Biver,  Pint  Dieiriet,  SaU^t  Piramde  P\ronU 
Dr.  Cr. 


Dec.  — ,  1882  ;  To  allotment. 


$6,000  00 


6,000  00 


Apr.    1,1886 
Jnne  80, 1886 


By  expenditures  of 
distnot  (^oersi  to 
date 

Bybalamoe 


$4.878  11 
120  88 


6^000  00 


Th(*r()  are  appended  hereto  tables  of  olassified  expenditurea  and  yalae  of  plant. 
Very  refipectfuUyi  your  obedient  seryant. 

Smith  S.  Lbach, 

Coptoia  of  Engineere, 
OenerH^  Q.  A.  Gillmore, 

Prtbident  MisHsaippi  River  Commieeion, 
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Approximate  value  of  plant  helonqing  io  the  United  States j  and  used  upon  the  improvement 

of  the  Missisfiippi  Rircr,  First  Dintrict, 


Class  of  property. 


Steamer  P.  Kirns 

Steamer  Itasca 

Steamer  Abbot  (new) 

Launt'h  Titania 

Pile-drivers 

ijuarter-boats 

Mattress-boats 

Graders    

Derrick  -boats 

Baffles 


Macbiue-Rbop  boat 

Whitehall  boats 

Skiflfj* 

Tools  and  appliances  ... 

Office  furniture 

Sarveyinf(  instruments 


Total  value. 


Number. 


I 

1 

I 

I 

37 

15 

10 

2 

2 

51 

1 

8 

63 


Approxi- 
mate valne 
June  30, 
1885. 


$7,769 

8.617 

4,970 

1.099 

123,873 

25.704 

27.888 

38,814 

5.559 

46.821 

5,303 

280 

765 

10,000 

100 

200 


307,772 


G  1. 


REPORT  OK   ASSISTANT  ENGINEER  A.   J.  NOLTY   UPON    OPERATIONS   IN  THE   FIRST   DIS- 
TRICT. 


United  States  Engineer  Office, 

Sans  Souoif  Ark,j  June  9,  1885. 

Sir  :  I  have  the  honor  to  herewith  submit  my  report  of  operations  at  Bullerton  Tow- 
head,  in  Bullerton  Chnte,  antl  at  various  other  places  on  Plnm  Point  Reach,  for  the 
period  be^inninj?  October  1,  1884,  and  ending  June  30,  1885. 

At  the  beginning  of  this  period  there  were  six  construction  parties  in  the  field,  viz: 
Mattress  and  revetment  party  at  Fletcher's  Field  Bend;  mattress  and  dike  party  at 
Oold  Dust ;  mattress  and  revetment  party  at  Osceola  Bar  ;  mattress  and  dike  i>arty  at 
Plum  Point,  mattress  and  dike  party  at  Bullerton,  and  a  mattress  and  revetment  party 
At  Craighead  Point  Bend. 

Work  on  Crait^head  Bend  bank  was  started  durinjj  the  first  week  in  September,  by 
betjinning  the  conKtruction  of  a  foot  mattress  175  feet  wide,  and  by  clearing  the  bank 
of  timber  and  drift  preparatory  to  grading  and  revetting  it.  From  the  nature  of  the 
soil  coutposing  the  bank  of  this  bend  (silt  and  sand),  the  depth  of  water,  averaging 
43  feet  below  low  water  of  1879,  the  velocity  of  the  current  from  6  feet  to  7  feet  per 
fiecon<l  and  the  rapid  caving  of  the  bank,  it  was  at  once  evident  that  it  would  be  no 
easy  undi*rtaking  to  successfully  revet  this  bank.  These  apprehensions  were  fully 
realized  as  the  work  ])rogressed.  At  the  beginning  of  the  porio<l  581  feet  of  mattress 
175  f«'et  wide  was  lying  atloat  at  this  ])lace  wllen  the  accumulation  of  drift,  brought 
^own  by  a  previous  rise  in  the  river,  broke  it  loose,  parting  twelve  2-inch  lines.  The 
hiattress  lodged  below  the  point  and  was  a  total  loss.  After  the  rise  had  subsided 
and  the  river  became  <'l(»ar  of  drift  a  new  mattre'<s  was  begun,  and  660  feet  constructed 
when  a  coal  barge,  ladfu  with  staves,  struck  the  head  of  it.  Though  the  mattress 
was  not  injured  by  this  collision,  it  was  accepted  as  a  warning  to  get  it  down,  and  ac- 
conlingly  the  i>ie(  o  was  sunk,  the  o])erati<m  of  sinking  being  successfully  accom- 
plished. While  this  mattress  was  being  constructed  the  bank  in  front  of  it  had  in 
the  mean  tiino  caved  so  far  from  its  inner  edge  as  to  necessitate  the  construction  of  a 
8up])lementary  mattress  50  feet  wide  to  connect  the  main  mattress  with  the  proposed 
revetment.  While  this  constnjction  was  goiug  on  the  bank  was  being  graded  and 
revetment  laid  thereon.  For  grading  a  hydraulic  grader  was  at  first  n^ed,  but  owing 
to  the  nature  of  the  soil  it  was  found  entirely  unsatisfactory.  Wooden  sluice  boxes 
were  then  constructed,  a  cut  re])n!senting  the  slope  of  bank  was  made  into  the  soil 
the  sluice  running  from  top  to  foot  of  bank  placed  in  this  cut  and  the  dirt  shoveled  into 
it  by  the  men  washed  was  down  by  means  of  a  pile-driver  pump.  This  plan  worked, 
very  well  and  gave  good  results  both  as  regards  natui^  of  work  and  cost.  Work  was 
<K)ntinued  thus  with  varying  success  until  about  900  feet  of  bank  had  been  protected, 
when  the  ice  coming  down  put  a  stop  to  all  further  operations  there,  and  by  the  time 
the  river  had  become  clear  of  ice,  orders  had  been  received  to  stop  all  work  on  the 
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reach.  The  work  ns  far  as  could  be  seen  had  been  done  in  good  stylo  and  in  a  con- 
scientious manner  by  Assistant  Engineer  Yt^ager.  Yet  by  the  end  of  Febrnary  not  a 
vestig«»  of  the  high-water  bank  ])rotection  was  visible  and  the  bank  is  tit»w  caving  and 
sloughing  oft' as  bad  as  previous  to  beginnin||:  of  work.  Kxaminatioo  of  this  bank 
where  caving  is  going  on  will  show  that  it  is  mainly  caused  by  that  oUl  enemy  to 
revetment  work,  namely,  seepage.  No  data  is  at  hand  from  which  to  compile  the 
amount  of  material  expended  on,  or  the  cost  of  this  work. 

At  Bullerton  Tow-head  repairs  to  revetment  of  outside  bank  damageil  by  aeepa^e 
were  being  made  at  the  beginning  of  the  periml.  Here  two  different  ]uanH  HUggested 
by  experiments  carried  on  during  the  summer  were  practically  applied.  One  method 
was  as  follows:  A  trench,  9()  feet  long,  4  feet  wide  at  bottom,  and  16  fe4>t  doep  waft 
dug  from  the  foot  of  the  bank  back.  This  trench  was  filled  to  a  depth  of  (5  feet 
with  stone,  and  the  whole  again  covered  up.  The  damaged  bank  was  tbeu  graded 
to  an  easy  sloi)e  and  revetment  laid  thereon.  The  piece  of  bank  choaen  for  the  ap- 
plication of  this  method  was  at  that  time  sloughing  off  badly  and  the  st^nii-liquid 
material  running  into  the  water.  So  soft  was  this  material  a  iew  feet  lielow  the  top 
that  a  stone  or  piece  of  drift-wood  thrown  down  would  sink  ont  of  sight.  As  hood 
as  the  drain  was  i)ut  in  a  marked  change  became  at  once  visible.  Water  ran  out  of 
the  drain  in  a  small  but  continuous  stream,  and  the  bank  on  both  sides  bi'gan  to  dry 
up  rapidly ;  the  drainage  intluence  extended  for  about  35  feet  from  the  iiioutb  on 
either  side.  No  damage  has  occurred  here  since.  The  other  method  wfaifh  was  tried 
at  two  different  places  is  as  follows:  Two  rows  of  piles,  12  feet  apart  and  parallel 
to  the  line  of  bank,  were  driven,  the  piles  of  each  row  4  feet  apart-.  The  lirnt,  or 
inner  row,  was  driven  about  eciui-distant  between  the  water-line  on  the  bank  and  the 
foot  of  under-water  slope.  The  space  included  between  the  two  iiiwa  of  piling  and 
between  the  foot  of  graded  bank  and  first  row  was  filled  up  to  watcr-anrface  with 
bnish  mattresses  3  feet  thick  und  oi  requisite  width,  each  mattreas  being  sunk  in- 
dependently of  the  overlying  one.  The  whole  structure  was  well  braced,  tied,  and 
anchored,  and  the  above-water  portion  of  bank  revetted  in  the  usual  manner.  Un- 
fortunately, owing  to  insufficiency  of  stone  and  brush,  only  one  of  these  retaining 
dikes  could  be  tinishcd,  the  other  and  much  longer  one  being  only  partially  and  it* 
own  i>iece  of  above-water  bank  being  entirely  unprotected.  The  finished  piece  looki 
Xu^rfect  to  date,  and  the  other,  though  the  bank  is  entirely  bare,  has  nndergone  no 
change  whatever.  With  the  exception  of  the  unfinished  piece  of  work  tinit-  men- 
tioned, which  is  300  feet  long,  the  outside  bank  of  Bullerton  Tow-head  is  completely 
proteeted  and  the  work  in  good  shape. 

In  Bullerton  Chute  Cross-dikes  No.  1  and  2  were  completed  by  the  end  of  1884,  ex- 
cept that  nearly  900  teet  of  tipped  mat  remained  afloat,  owing  to  lack  of  stone  for 
sinking.  Preparations  had  been  made  to  take  stone  off  Bnllerton  Tow-head  and 
other  heavily  loaded  revetments,  but  before  any  was  received  the  river  had  risen  high 
enough  to  entirely  submerge  the  dike.  At  a  subsequent  subsidence  of  the  water  • 
barge-load  of  brick  was  distributed  over  this  mat,  without,  however,  accomplishing 
much  good.  The  brick,  in  the  first  place,  were  badl^^  baked,  being  hardly  more  than 
sun  dried,  and  soon  crumbled  under  water. 

Their  specific  gravity  being  very  low  it  required  a  large  number  of  them  to  sink 
a  given  piece  of  mat,  and  tis  the  brick  were  badly  broken  up  and  the  mat  not  woven 
close  enough  for  such  ballast,  the  bulk  of  the  brick  passed  throngh  the  interstices  of 
the  mattress.  Even  under  the  most  favorable  conditions  of  brick  and  niattrras  it  ii 
safe  to  assume  that  $1  worth  of  stone  will  accomplish  as  much  as  |6  of  brick.  In 
closing  the  gaps  in  Nos.  1  and  2 — necessarily  left  open  until  the  works  above  tfane 
dikes  were  finished,  as  all  towing  lia<f  to  be  done  through  them — much  trouble  wis 
encountered  from  dilficulty  in  handling  and  holding  the  drivers.  These  gaps  were 
left  in  the  line  of  deep  water:  and  as  the  dikes  advanced  fmm  either  side  the  already 
strong  current  increas(Hl  considerably;  several  times  in  lowering  piles  the  drivei» 
were  broken  loose  either  by  the  lines  parting  or  the  piles  or  kevefs  to  which  tbey 
were  farftened  breaking  olV.  The  greatest  retardati(m  the  work  suffered  from  trs* 
duo  to  failure  to  receive  material  as  required.  Notably  was  this  the  case  with  pil- 
ing, as  not  only  was  the  supply  insufficient  but  the  kind  furnished  was  very  poor. 
In  closing  gap  number  1  while  working  in  40  feet  of  water,  only  poor  cottonwood 
piles  of  from  50  tVot  to  58  feet  in  length  were  available.  These  the  assistant  is 
charge  was  compelled  to  use  as  the  fiood  season  was  approaching  and  his  i  rders  wer» 
to  close  the  gaps  1>efore  high  water  drove  him  out.  To  compensate  in  a  measnre  for 
the  lack  of  strength  in  tht*  individual  ])i1es  an  extra  row  of  piling  was  added  at  thii 
place.  While  (closing  this  gap  it  was  notitu'd  that  after  the  piles  liotl  penetrated  the 
foot  mattress  tliey  would  drop  down  about  6  feet  before  meeting  with  any  resist 
anee.  This  ))henomenon  was  notiired  for  a  distance  of  40  feet  in  the  first,  se^ 
ond,  and  third  rows,  but  only  sli<rlitly  in  the  latter,  while  in  the  foarth  and  fifth  it 
was  not  felt  at  all.  Careful  soundings  revealed  the  existence  of  a  deep  narrow  trough 
or  gully  at  the  bottom,  to  which  the  stiff  mattress  could  not  accommodate  itself,  tmt 
simply  bridged  it  over.    As  the  down-stream  half  of  this  mattress  width  XMted  waD 
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on  the  bottom  it  was  presumed  that  this  hole  would  soon  fill  up.  This  seems  to  have 
taken  place  not  however  until  the  first  and  second  rows  had  settleil  down  about  five 
f«et,  still,  however,  retaining  their  vertical  position.  The  explanation  oflfered  for 
this  action  i.s  that  as  the  piles  were  too  short  to  give  more  than  about  14  feet  pene- 
tration throngh  mattress  the  actual  penetration  in  the  river  bottom  was  only  about 
6  fet't,  this  into  sand  which  probably  scoured  out  down  to  the  clay  stratum,  the 
mattresM  acting  as  a  guide  and  the  rear  portion  of  the  dike  as  stays  to  keep  the  sink- 
ing porticm  vertical.  No  further  change  was  noticed,  and  as  a  heavy  fill  has  now 
taken  ]>lace  all  along  this  dike  no  damage  is  expected.  When  the  ice  began  running 
in  the  early  part  of  January,  1885,  the  entire  chute  above  number  1  was  blocked  sol- 
idly with  icf,  bringing  a  great  pressure  to  bear  against  this  dike.  Upon  the  river 
falling  snfticiently  To  expose  this  work  it  was  noticed  that  where  the  short  and  weak 
piles  had  been  used  the  dikes  had  been  forced  out  of  perpendicular  for  about  50 
feet.  The  water  rose  again  and  soon  after  subsidence  and  exposure  of  the  dike 
showed  that  part  broken  down.  No  further  damage  has  taken  place  here  and  the 
|jfap  is  too  small  to  retard,  fill,  or  otherwise  injure  the  work.  Dike  No.  2  is  in  fine 
condition  with  a  vast  field  of  drift  in  its  front.  It  is  recommended  that  when  the 
river  falls  snflficiently  to  a()mit  of  doing  so  the  tipped  mattress  at  this  dike,  not  yet 
snnk,  bo  so  disposed  of  as  it  will  then,  by  checking  what  little  current  comes  through 
the  chute,  induce  a  more  rapid  fill.  About  *200  feet  of  this  mat  next  the  Arkansas 
bank  should,  however,  for  sanitary  reasons  be  left  afloat  while  the  fleet  is  laid  up  be- 
hind there. 

While  the  work  in  Bullerton  Chute  was  In  progress,  an  examination  of  Osceola  Dike 
No.  4,  which  is  next  above  BuUci-ton  No.  1,  revealed  a  weak  place  in  the  Arkansas  end, 
which  demanded  ininiediate  attention.  Two  pile-drivers  were  therefore  detached 
from  the  Bullerton  work  and  sent  up  to  the  damaged  dike  to  reinforce  it,  which  was 
accon)])lit»he«l  by  driving  i?(K)  feet  of  partly  two  and  partly  three  row  dike  behind  it. 
This  has  enabled  the  dike  to  resist  the  pressure  against  it,  caused  by  the  immense  ao- 
cumulation  of  drift  in  its  front,  and  this  work  has  since  sustained  no  damage. 

When  Osceola  No.  4  was  under  construction,  and  before  more  than  the  first  row  of 
piles  had  been  carried  over  the  then  submerged  sand-bar,  the  water  fell  and  the  drivers 
nad  to  be  withdrawn  from  work  at  that  place  and  pushed  out  into  deeper  water,  there 
to  continue  work.  It  was  not  until  January  that  the  stage  of  river  was  again  high 
enough  to  admit  working  on  the  nuconipleted  portion,  and  work  was  continued  then 
until  the  water  rose  so  high  as  to  seriously  endanger  the  drivers  by  the  probable 
loosening  of  the  drifts  in  front,  when  work  was  finally  abandoned,  leaving  about  100 
feet  of  three-row  uncompleted,  but  still  strong  enough  to  remain  until  next  season. 
The  work  at  Bullerton  Tow-head,  in  Bullerton  Chute,  repairs  to  Osceola  Dike  No.  4, 
have  been  in  charge  of  Assistant  Engineer  Nolty. 

The  work  at  Plum  Point  consisted  in  construction  of  cross-dikes  Nos.  4, 5,  and  6,  ex- 
tensions of  main  dike,  and  construction  of  foot  and  tipped  mattresses.  At  the  close  of 
the  season  all  the  cross-dikes  had  been  ext^ended  as  far  out  as  the  plans  of  the  work 
called  for,  and  the  main  dike  or  training-wall  carried  down  tocross-dike  No.  3.  In  the 
prosecution  of  these  works  much  difticulty  was  caused  by  the  depth  of  water  and 
velocity  of  current,  es])ecially  in  extending  cross-dikes  Nos.  5  and  6  to  the  required 
distance  out.  This  work  hasbeen  in  chargeof  Assistant  Engineer  Hatfield.  At  Lower 
Osceola  Bar  the  work  consisted  in  revetment  of  outer  bank  and  repairs  to  old  revet- 
ment around  its  head.  The  grading  of  the  bank  here  was  done  with  one  of  the  hy- 
draulic graders.  Foot  mattress  constructed  here  was  150  feet  wide.  No  trouble  was 
encouuten'd  here  during  construction  except  when  drift  was  running;  as  at  all  other 
works  much  delay  was  caused  by  insufticient  supply  of  material.  When  the  ice  began 
running  a  large  amount  of  revetment  was  without  any  ballast,  and  as  word  was  re- 
ceiveM  from  Captain  Knight  not  to  expect  any  more  stone,  arrangements  were  made  as 
soon  as  the  river  was  somewhat  clear  of  ice  to  take  25  per  cent,  of  the  stone  from  the 
finished  work  and  distribnte  it  over  the  unballasted  part.  This  work  has  been  in 
charge  of  Assistant  Engineer  Sedd<m. 

At  the  Gold  Dust  system  of  dikes  work  on  main  and  cross-dikes,  consisting  of  new 
and  repairs  to  the  old  work,  was  continued  during  the  period  up  to  the  final  cessation 
of  work.  This  system  of  dikes  has  always  been  more  difficult  to  maintain  than  any 
other  on  this  reach.  Various  causes  have  operated  in  opposition  to  this  work.  Un- 
like the  Plum  Point  system,  this  is  not  protected  by  a  projecting  point  in  the  bank 
which  has  a  tendency  to  deflect  the  main  current  away  from  the  work,  but  has  a 
straight  reach  above  it,  and  before  the  contraction  works  were  put  in  nearly  50  per 
cent,  of  the  volume  of  the  river  sought  a  passage  through  the  chutes  now  closed  up. 
Much  work  was  done  here  in  the  early  days  of  the  improvement  works,  and  was  not 
built  as  strcmg  as  after  experience  taught  us  it  must  be.  Hence  there  occurred  fre- 
quent breaks  in  this  old  work,  which  were  always  closed  with  much  more  stable  con- 
struction, until  now  very  little  of  this  former  work  is  left.  The  work  at  Gold  Dust 
has  been  in  charge  of  Assistant  Engineer  Geuder,  ably  assisted  by  Superintendent 
Riley. 
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At  Fletcher's  Bend  work  on  bank  pn>tt)ction  was  eontinaod  by  three  different  pM> 
ties  at  as  many  different  sites.  Work  was  pushed  to  the  utmost  here,  the  uim  being 
to,  if  possible/linish  the  revetment  of  this  rapidly  cavino;  concave  Insnd  before  the  be- 
veiit  of  tlii^  liood  Hoason.  ILul  the  river  remained  free  from  ice,  the  worst  part  of  the 
bank  at  Uvnst  wouUl  have  been  entirely  protected  ;  but  the  heavy  flow  of  ice  necessi- 
tated stoppage  for  several  weeks,  and  by  the  time  ice  stopped  runniufj^,  onlers  were 
received  for  a  discontinuance  of  all  work,  owinj;  to  failure  of  Confess  to  make  an 
appropriation.  All  that  eould  be  done  after  these  orders  were  receivetl  was  to  bor- 
row stone  from  finished  works  and  ])ut  enough  on  the  new,  yet  nnballastecl  work 
here,  to  hold  it  down.  The  work  here  is  now  in  two  sections,  separated  by  5,000 
feet  of  entirely  unprotected  and  now  caving  bank.  Snag-boats  Meiga  and  McConili 
were  used  here  to  remove  snags  and  submerged  timber  in  the  line  of  foot  mattress. 
The  latter  boat  was  employed  tmly  for  a  short  time  on  such  snags  as  were  too  heavy 
for  the  former  to  remove.  A  new  method  of  loading  revetment  was  tried  here  and 
fonu<l  to  work  well  and  economically.  A  pile-driver  was  laid  on  the  ontaide  of  the 
stone  barge  and  a  three-fourths  inch  wire  rope  run  from  the  leads  at  a  conyenient 
distance  above  deck  to  trees  or  stumps  on  the  bank,  and  then  fastened.  Upon  this 
rope  a  tmveler,  having  pendent  to  it  a  stone-boat  capable  of  containing  cue  cnbic 
yard  of  stone,  was  made  to  run  and  by  means  of  a  hauling  line  operated  oy  a  steam 
winch  the  stone  was  hauled  to  place  and  dumped,  the  empty  boat  descending  bj 
gravity.  A  few  men  could  distribute  the  stone  evenly  as  fast  as  it  wasdnmped.  The 
work  at  this  stjition  has  been  under  charge  of  Assistant  Engineer  Gould.  The  re- 
moval of  the  fleet  to  the  winter  harbor  in  Bullerton  Chute  was  begun  the  latter  part 
of  December,  1^:^84,  and  continued  as  fast  as  plant  wps  put  out  of  rommisHion,  until 
ice  in  the  river  ]>revented  all  towing.  As  soon  as  the  ice  flow  C4'ased,  tc»wiug  was  re- 
sumed and  continued  uninterruptedly  until  March  15,  by  which  time  all  plant  had 
been  removed. 

The  force  which  had  already  been  greatly  reduced  in  number  was  still  further  re- 
duced as  soon  as  the  plant  was  all  collected.  All  the  assistants  except  one  were  dis- 
charged, and  the  ]>ermanent  fleet  })arty,  numbering  thirty-flve  ail  told,  organiied. 
For  reasons  of  economy  it  was  decided  by  the  oflicer  in  charge  to  send  up  tho  fleet  of 
the  second  district  to  lie  consolidated  with  that  of  the  first.  The  flrat  installment  of 
this  ]>laut  was  rec<Mved  from  United  States  steamer  Minnetonka  on  the  Sioth  of  April, 
and  by  the  29th  all  of  that  plant  was  up  here. 

In  the  mean  time  it  became  ap)>arent  that  where  the  first  district  fleet  wan  laid  np, 
t.  f.  nlong  the  inside  of  the  Bullerton  Tow-head,  just  below  Bullerton  cross-dike  No.  2, 
steady  till  was  going  on,  and  that  there  would  not  be  sufficient  water  durinfr  the  low- 
wattT  season  to  iloat  all  the  plant.  It  was  therefon;  decided  to  move  everytning  over 
to  the  Arkauvsas  bank,  where  there  wiis,  and  still  is,  deep  water.  This  moving  over  of 
the  first  district  as  well  as  moving  up  of  the  second  district  fleet  (this  latter  plant  hail 
been  tied  up  along  Arkansas  bank,  but  low  enough  down  so  as  not  t.o  interfere  with 
the  final  arrangement  of  the  whole  fleet)  was  done  with  the  launch  H.  L.  Abbott  and 
tug  Itasca,  and  accomplished  in  about  eight  days.  The  fleet,  as  Anally  arranged,  ex- 
tends 4,072  feet  along  the  Arkansas  bank  of  Bullerton  Chute,  the  he^idof  the  fleet  being 
far  (Miough  below  Dike  No.  2  to  allow  the  regular  mail  packet  to  approaoh  the  Sans 
Souci  landing.  The  fleet,  numbering  IHI' pieces,  is  divided  int^  three  aeotions,  each 
being  five  pieces  abreast,  and  connected  to  the  succeeding  one  by  a  floating  bridge 
2(>0  feet  in  length,  this  bridge  being  the  continuation  of  the  cent-er  line  of  bams 
which  are  all  flush-decked  ones,  and  form  a  convenient  footway  from  end  to  endof 
the  fleet.  The  first  section  is  com])(>sed  of  such  barges  as  have  no  cabins  thereon, 
the  second  of  pile-<lrivers  exclusively,  and  the  third  of  quarter- boats,  steamcn,  grad- 
ers, and  other  ]>1ant  having  cabins  upon  thtMu.  The  principal  danger  to  be  appre- 
hende<l  is  from  fire,  and  the  utmost  care  and  vigilance  are  exercised  to  prevent  an  out' 
bn*ak.  Tlui  means  for  combating  fire,  should  any  occur,  are,  it  is  believeil,  complete, 
an<i  consist  in  a  Judicious  distribution  of  hand  fire-grenades  all  over  the  fleet,  filled 
water-burrei.s  and  lire  bucket^  on  the  dticks  and  roofs  of  all  cabin  boats,  an  organized 
fire  dei)artnient  with  an  experien(;ed  chief,  and  an  ext^elleut  flnvboat  capableof  throw- 
ing two  l^-ineh  streams,  upon  which  steam  is  kept  up  night  and  day.  To  prevent 
loss  of  portable  property,  it  has  been  eidlected  from  the  dilferent  nieces  and  Btoreil  in 
various  ({narter-boats  and  put  under  look  and  key;  special  watchmen  have  been  as- 
signed to  these  boats,  whose  principal  duty  is  to  eare  for  and  protect  thia  property. 
The  harbor  now  occupied  by  the  lleet  is  an  excellent  one,  having  n  least  deptn  of  5 
feet  below  low  water  of  1H71».  This  lowest  water  being  at  the  hea<l  is  well  protected 
by  the  (like  aii^ainst  drift  and  ice,  is  si*cnre  against  vitdent  storms  coming  irom  any 
direction  exee])t  sourht'ust.  being  land  locked  on  thren  sirles,  and  has  Hxed  banks  tfai 
entire  length  of  the  lleet.  N(»  rapid  tilling  up  is  iuflicated  here,  the  water  parting 
with  most  of  its  sedinnMit  ahove  Dike.  No.  2,  and  the  lead  bringing  up  only  soft  moa 
when  soundings  are  taken  along  the  Heet.  A  large  amount  of  property  remains  stored 
on  the  bank  at  Klmot,  some  in  tlx^  open  air,  and  the  more  valuable  and  perishable 
kind  under  shelter.     A  trusty  watchman  is  in  charge  of  it.     Condemned  quarter-bosft 
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No.  3,  blocked  up  on  tho  bank  at  Elmot,  and  nsed  as  a  store-bouse,  was,  with  most  of 
its  contents,  destroyed  by  firti  during  tbe  night  of  April  1.     Loss  estimated  at  $5,000 
The  following  table  shows  amoant  of  work  done  at  the  various  stations  on  this 
reach  for  the  period  : 


At  Gold  Dust : 

Foot  mattress  made squares . 

Foot  mattress  sunk do . . . 

Tipped  mattress  made do... 

Ti  pped  mattress  sunk do... 

Brush  cut cords. 

Dike  completed linear  feet . 

At  Fletcher's  Bend: 

Foot  mattress  made squares. 

Foot  mattress  sunk  do... 

Bank  graded linear  feet. 

Revetment  made...* .* squares. 

Revetment  loaded do... 

Snags  removed linear  feet. 

At  Osceola  Bar: 

Foot  mattress  made squares. 

Foot  mattress  sunk do... 

Revetment  made do . . . 

Revetment  loaded do  .. 

Bank  graded linear  feet. 

Ditching do... 

At  Plum  Point: 

Foot  mattress  made squares. 

Foot  mattress  sunk do... 

Tipped  mattress  made do.. . 

Tipped  mattress  sunk : do.. . 

Revetment  made do... 

Revetment  loaded do... 

Dike  completed linear  feet. 

At  Bullertou  Tow-head  and  in  Bullerton  and  Osceola  chutes: 

Foot  mattress  made squares. 

Foot  mattress  Nuuk do... 

Revetment  made do... 

Revetment  loaded do... 

Tipped  mattress  made do... 

Ti])ped  Aiat tress  loaded do... 

Bank  gra«l»'d cubic  yards. 

Brush  filling do.. . 

Drains  couHtrncted ^ linear  feet. 

Dik»?  ooniplete<l do... 

Brush  (!Ut cords. 

At  Craighead  Point : 

Fuot  mattress  made squares. 

Foot  mattress  sunk : do... 

Bank,  graded cubic  yards. 

Revetment  made squares. 

Revetment  loaded do... 

Drains  built linear  feet. 


3,191 

2,928 

718 

718 

302 

1,645 

1,845 
?,279 
500 
2,967 
3,400 
3.000 

3,418 
4,370 
3,909 
4,200 
2,586 
200 

650 
650 
1,974 
1,974 
150 
150 
900 

1,223 
920 
384 
384 
150 
420 

9,500 

3,036 
100 

3,012 
134 

2,093 

1,544 

33,618 

338 
282 


In  addition  to  the  tabulated  work  given  above  a  great  deal  of  work  was  done  by 
the  «litferent  parties  which  cannot  be  properly  classiiied. 


PRESENT  CONDITION   OF  THE  WORKS. 

The  condition  of  the  works  on  the  reach  at  date  is  about  as  follows:  In  Ashport 
Bend  the  bank  has  been  protected  fronj  the  mouth  of  Forked  Deer  River  to  Ashport 
Landing,  a  <listaiice  of  about  3,000  feet.  No  work  has  been  done  here  since  1882. 
Bank  from  foot  of  this  revetment  down  to  Gold  Dust  Landing  caving  badly.  The 
Gold  Dust  contraction  works  were  completed  as  projected,  and  both  Chute  No.  30 
and  Elmot  Chute  wouhl  be  practically  close<l  up,  were  it  not  for  the  breaks,  which 
occurred  during  construction  and  after  completion  of  the  system,  both  in  main  and 
cross  dikes. 

These  breaks,  of  which  there  are  two  in  main  dike,  aggregating  in  width  about  800 
feet,  and  in  the  cross-dikes  aggregating  3.500  feet  in  width,  still  allow  a  large  volume 
of  water  to  pass  through  these  chutes.    The  suggestion  is  here  respectfully  offered  that 
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only  the  broaks  in  the  main  dike  be  closed  by  bnildini;  around  the  di^ep  water  now 
cro8Hed  by  a  line  joining  the  ends  of  these  gnjis  and  extending  back  100  t«*et  in^iiie 
this  line ;  that  the  breaks  in  the  cross-dikes  be  ignor  d,  and  in  lien  there<»r  a  strong 
dike  be  thrown  across  from  Ehnot  Bar  to  Island  No.  :{U  on  Range  lU),  and  one  fniin 
the  latter  island  to  the  Tennessee  bank,  at  about  Range  'M,  TIki  aggregatt'  length 
of  these  two  dikes  would  not  exceed  l.'^OU  feet.  Experience  in  OsceoJHand  Hullertou 
chutes  has  shown  that  such  cro»ts- dikes  are  more  easy  to  maintain,  and  wilt  etfectnally 
turn  the  water.  Such  dikes  would  also  check  the  caving  now  going  cui  along  the 
bank  of  Elmot  Bar  and  Island  No.  30.  Of  course  no  dike-work  should  Im)  put  in  here 
or  anywhere  else  until  the  site  of  such  work  is  Hrst  well  mattressetl. 

In  Fletcher's  Bend  the  bank  protection  extends  now  from  near  the  mouth  of  Mill 
Bayou  down  2,cJ75  feet.  From  the  foot  of  this  work  about  5,0(»0  feet  down,  tlie  ftauk 
is  entirely  unprotected  and  caving  badly;  another  section  of  revetment  begins  here, 
running  down  1,480  feet  and  at  the  foot  of  this  section  wo  strike  again  the  caviog 
bank. 

Lower  down  at  Elmot  is  another  section  of  revetment  750  feet  long,  the  constmc- 
tion  of  which  was  necessitated  by  a  suddenly  developed  tendency  of  the  bank  to 
cave.  The  bank  between  the  foot  of  the  iirst  and  the  head  of  the  second  (lection  of 
revetment,  and  from  the  foot  of  this  down  some  distance,  is  heavily  tinibereil  up  to 
the  edge  of  bank,  and  no  doubt  when  work  is  resumed  the  first  steps  here  will  be  to 
remove  the  snags  and  submerged  tiuiber.  This  timber  falling  into  the  river  may 
have  a  tendency  to  check  caving,  and  thus  hssiMi  the  danger  which  now  threatenfl 
this  second  section.  At  present  the  chances  are  decidedly  against  saving  any  part  of 
the  threatened  work.  All  the  works  at  this  section  are  in  lirst-ehiSH  condition,  except 
at  the  extremities  of  section  No.  2,  which  have  to  some  ext«*ut  foHowed  the  cavmg 
bank.  Osceola  Chute  in  completely  clo-ed  and  rapidly  filling  up  ;  all  the  work  hera 
is  in  good  condition.  The  three  principal  cross-dikes  have  vast  nmsses  of  drift  ia 
front  of  them;  that  in  front  of  Nos.  I  and  3  being  well  covered  with  noil  and  vege- 
tation. 

At  Upper  Osceola  Bar  no  high- water  bank  protection  is  visible;  what  little  of  this 
work  that  was  put  there  during  the  early  spring  of  1H83,  when  the  river  was  quite 
high,  having  all  slid  down.  The  entire  bar  has  a  foot  mattress  in  front  c»f  it,  and 
not  much  caving  has  occurred  here;  still  this  work  should  be  finished  as  the  channel 
now  runs  along  there. 

At  Lower  Osceola  Bar  the  bank  is  protected  on  the  outside  for  4.339  feet  from  the 
head  down  and  around  the  head  down  the  inside  bank  to  Osceola  cross-dike  No.  3,  a 
distanct'  of  1,000  feet. 

This  work  stands  well,  the  only  damage  it  sustained  having  been  oansed  by  seepage 
from  some  pcmds  in  the  rear.  These  )»ouds  were  drained,  and  no  further  damage 
has  been  sustained.  The  damage  is  very  slight,  consisting  of  a  sliding  down  of  toe 
revetnuMit  for  100  feet,  the  gr<>atest  wi<lrh  of  bank  exposed  being  15  feetJ  Below  the 
revetment  the  unprotected  bank  is  caving  to  some  extent.  At  Plum  Point  when  the 
work  ceased  the  condition  of  it  was  as  follows:  All  the  cross-dikes,  six  in  namber, 
extended  out  as  far  as  the  i>lan  of  the  work  required.  The  main  or  training  dike 
had  been  carried  down  to  cross-dike  No.  3.  One  break  250  feet  wide  had  been  made 
in  cross-dike  No.  5,  and  one  200  feet  in  No.  0.  Since  then  No.  5  has  been  shortened 
about  500  feet  by  additional  loss,  and  another  break  in  No.  6,  nearly  300  feet  long,  it 
visible.  All  the  other  work  is  perfect,  and  heavy  fills  are  apparent.  Yankee  Bar  ii 
still  caving  in  at  the  heail  and  a  large  volume  of  wat«r  goes  through  the  breaks  and 
down  between  Yankee  Bar  and  the  Tennessee  bank. 

At  Bullerton  Tow-head  the  entire  outside  bank,  0.6*25  feet  in  length,  with  the  excep- 
tion of  300  feet,  is  protected.    The  300  feet  lacks  the  high- water  protection. 

The  protection  works  run  around  the  head  and  down  the  inside  bank  for  500  feet 
The  bank  appears  perfect  as  far  as  finished  and  no  damage  is  visible  even  at  the  on- 
protected  part  of  the  bank. 

In  Bullerton  Chute  a  small  break,  75  feet  long,  has  l>een  noticed  in  croas-dike  No.  It 
due  to  the  ]io<>r  ))iles  used  here.  This  gap  <1oes  not  appear  to  be  of  any  conseqnenee 
and  has  not  iucretised  in  width  since  first  notieed  last  winter.  Cross-dike  No.  S  iiin 
perfect  condition  with  an  immense  accnmulation  of  drift  in  its  front.  Heavy  fillsaie 
noted  between  Nos.  1  and  *2,  and  abov«»  the  former.  At  Craighead  Point  all  tne  revet- 
ment put  in  has  disappeared.  The  foot  mattress,  however,  is  evidently  doing  some 
good  in  preventing  the  caving,  which  below  it  is  very  serious.  At  Gold  Dust  there  an 
now  stored  about  1, ()()()  cubic  yards  of  stone  received  after  the  close  of  operation! 
Since  the  close  of  o])crations  a  regular  system  of  ])eriodioal  inspection  of  work,  and  of 
souixlingKand  velocity  measurements  over  the  more  changeable  portions  of  the  reochf 
instituted  by  vou,  has  been  conducted.  The  lat'er  data  are  yet  too  meager  and  ob- 
taino<l  at  too  tiigh  a  stage  of  river  to  Justify  me  in  venturing  any  prediotion  as  to  tbi 
ultimate  results  of  the  con)]»lfted  work,  or  the  final  location  of  the  low-water  channel. 
Valuable  information  has  been  obtained  and  the  notes  taken  are  careAiUy  collected 
and  preser  ved  for  further  reference  and  comparisons.    Your  attention  is  again  reepeol- 
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fully  called  to  tbe  deRtruction  of  large  qnantitics  of  willows  on  Osceola  Bar  by  private 
parties,  who  claim  that  they  have  entered  the  land  there  and  are  oaltivating  it.  A 
rumor  has  reached  mo  that  parties  are  contemplating  taking  possession  of  other  tow- 
beads,  no  donht  with  a  view  of  charging  high  prices  for  needed  material  when  such 
is  wanted  ;  some  of  the  branch  ditches  cut  at  Osceola  Bar  to  lead  the  water  into  the 
main  ditch  have  been  ])lowed  over  and  practically  closed.  Such  actions  strongly 
point  to  the  necessity  of  legislative  enactment,  whereby  the  control  of  these  lands  is 
given  entirely  to  the  commission  and  its  officers. 
•Kespeclfuily  submitted. 

Aug.  J.  NoLTY, 
A$8i$tant  Engineer, 
Capt.  Smith  S.  Leach, 

Corps  of  Engineers y  U,  S.  A, 


Appendix  H. 


report  of  captain  smith  8.  leach,  corps  of  exgineers,  upon  operations  in  the 

second  district. 

United  States  Engineer  Office, 

Memphis f  Tenn.,  June  18,  1885. 

General:  Pursuant  to  the  instructions  contained  in  your  letter  of  the  1st  instant, 
I  have  the  honor  to  submit  the  following  report  of  operations  in  the  second  district, 
MisMis^ippi  River,  from  October  1,  1884,  the  date  to  which  progress  was  last  reported 
to  ConjjresH,  to  the  end  of  the  present  month  and  fiscal  year. 

I  relieved  Capt.  Clinton  B.  Sears,  Corps  of  Jiugineers,  of  the  charge  of  this  district 
on  March  10,  InSo.  At  that  date  all  operations  were  suspended  and  the  force  reduced 
to  that  absolutely  required  for  routine  office  work  and  care  of  property. 

MEMPHIS   REACH   AND   HARBOR. 

On  this  work  the  assistant  in  charge,  Mr.  W.  M.  Rees,  had  been  retained,  and  I  am 
able  to  submit  herewith  his  report,  giving  full  details  of  the  work  with  which  he  has 
been  associated  from  the  beginning,  and  of  which  he  has  a  knowledge  which  can  only 
be  gained  l>y  such  association.     (See  Appendix  HI.) 

The  work  on  the  Memphis  reach  has  been  entirely  for  bank  protection.  That  on  the 
Memphis  Levee,  from  the  magnitude  of  the  local  interests  involved,  was  brought  up  in 

fra<le  very  much  above  anything  yet  attempted  when  navigation  alone  was  at  stake, 
he  gravity  of  the  situation  also  forbade  the  beginning  or  prosecution  of  the  work 
under  unfavorable  conditions,  and  the  more  adequate  supply  of  plant  prevented  seri- 
ous distress  from  lack  of  material.  Under  these  circumstances  a  work  was  constructed 
very  much  superior  in  strength  and  completeness  to  any  heretofore  done  on  the  river, 
and  at  a  coHt  not  exc<?eding  that  of  some  inferior  work,  attempted  elsewhere  under  ad- 
verse conditions,  and  harassfnl  by  lack  of  material  during  construction.  If  protec- 
tion of  the  caving  banks  of  the  Mississippi  River  will  justify  an  expenditure  of  $25 
per  rnnning  foot,  a  revetment  like  the  one  in  question  can  be  put  down  for  that  money 
and  will  do  the  work.  This  with  the  proviso  that  no  piece  of  work  be  undertaken 
until  money  and  material  to  complete  it  are  in  sight. 

The  work  in  Hopefield  Bend  htis  stood  well.  The  only  loss  to  be  reported  is  that  of 
some  2j{KH)  fe<'t  of  partial  upper  bank  work  put  in  in  1883.  Its  top  edge  was  against 
the  foot  of  a  bliilV  bank  10  feet  high.  It  was  intended  to  complete  it  before  the  close 
of  ojierations  huit  season,  bnt  the  sudden  rise  prevented.  The  full  work  of  last  season 
has  been  damaged  in  four  or  five  places  by  the  development  of  faults  or  slides  down 
the  bank. 

The  continuity  of  the  work  appears  not  to  be  broken,  nor  is  the  bank  allowed  to 
cave,  but  of  course  the  jirobability  of  a  break  is  much  increased  by  theseslides.  They 
are  probably  due  to  the  softening  of  the  foundation  of  the  mattress  by  sipe- water. 
The  semi -tl aid  mass  acts  iis  a  lubricant  and  allows  the  mat  to  slide.  Draiaage  and 
anchoring  to  the  bank  will  meet  this  difficulty. 

LEVEE8. 

The  only  levee  work  done  in  this  district  during  the  past  fiscal  year  has  been  the 
repair  of  the  Long  Lake  Levee  from  Old  Town,  Ark.,  up. 
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From  tho  last  appropriation  $15,000  wero  allotted  ft)r  the  repair  of  this  levee,  pro- 
vided "  the  district  officer,  upon  exumiiiation  of  such  levee,  Rhall  find  itH  conditiou  t^ 
be  Hiirli  as  to  r4M|iiirc  HiU'h  repairs  for  its  naiVty  ;  and  [»ro\'ided  also,  that  Maid  aiiiii 
8hall  not  be  ex])ended  until  the  levee  from  Helena  to  the  upper  end  of  Long  Lake 
Levee  shall  bo  first,  and  prior  tx)  November  1, 1884,  repaired  and  complct«d  to  a  grade 
2  feet  above  the  flood  of  1882." 

These  conditions  having  been  complied  with,  it  was  decided  by  Captain  Sears,  tbe 
district  officer,  to  begin  the  repair  work  at  the  lower  end,  where  there  were  a  number 
of  large  gaps  and  a  scanty  ]>opnIation,  and  work  up-stream  as  far  as  the  allotment 
would  permit.  He  thought  the  largo  population  beliind  the  upper  end  of  tlie  levee 
wouhl  for  its  own  safety  strengthen  this  portion.  Proposals  for  this  work,  anionnring 
to  some  60,000  cubic  yards,  wore  advertised  October  25,  1884,  bids  were  opened  No- 
vember 5, 1884,  and  the  contract  was  awarded  t^)  the  low<»t  bidders,  Messrs.  Winters 
ifc  Cooney,  at  2'.\  cents  per  cubic  yard. 

Work  was  begun  immediately  and  finished  in  March,  1885. 

The  whole  allotment  was  expended  in  engineer's  expens(*s,  inspection,  and  con- 
tractors' estimates. 

The  following  financial  statement  and  general  balance-sheet  show  the  condition  of 
allotments  and  expenditures  for  this  district: 

APPROPRIATION    FOR  IMPROVING  MISSI8HIPPI    RIVKR,    A(rr  OK  JITI.Y   5,    lf<H4.    SKCOXD 

DISTRICT. 

rinanciaJ  slatemeni. 

Balance  on  hand  October  1, 1884,  as  per  last  report : 

Memphis  Reach  and  Harbor Sl^Q*  327  W 

Long  Lake  Levee 15,000  OU 

198.327  03 
Amounts  received  since : 

On  account  of  sale  of  fuel $:)3  75 

On  account  of  oveqiavment  281  81 

315  56 

198, 642  59 
Expended  from  October  1, 1H84,  to  Juno  15. 1885  : 

Memi»bis  Keach  and  Harbor 1 180, 333  0:J 

r.ong  Lake  Levee 15, 000  00 

Total  expended 195,  :i3:)  (K\ 

Estimated  liabilities  to  June  :iO,  IHK5 1.7.50  00 

197, 083  03 

Hnlance  June  'M),  1885  (Memphis  Keach  and  Harbor) 1. 559  56 

(f KNKKAL   HALA\(  K- SH KKT. 

Improving  MUsimppi  Hirer,  Second  Dintrictf  yfrmphit  Iivach  and  Harbor. 
I)i:.  Ck. 

I 

18A2.  i       1884. 

A  nil.    2  •  To  :ill«tin»Mit ,$32r»,  000  00      Feb.   29  By  expenditures  of  iiecre- 

\i^M.  taiy     of      Conatruofion 

Jan.   18: do    »0, 000  00  Committee   from    lleni- 

Ft-l).   LMl  '  'I'o  (hpoHii,  s:ilt>  of  fuel  . . . . :             9  22  pliiti,  allotments  to  dato  .     $167, 009  S 

July     ;')     To  allotinciit 200, 000  00  !       1W.'>. 

Ort'.    :}I     Toiltposit,  Half  ol  fiu'l  ...            11  2r»  ,   Ap;il  1  By  o.xpenditureii  of  Mere* 

Dec.   in  ■ d»»    11  2.')  tary     of      Coniitnictloii 

lK^r»  Committee,    from   a^ot- 

Jau.  2(;       ...  do 11  25  ment  for  general  aerviee  [ 

Vvh.     V,     To  oviTpayineiit  refunded  .           281  HI  to  date M.870  9 

Ai)ril   1      To  ^•■uoiai  service  iliiirK«-.H                            Juiii' If)  Ry  expend  it  un^  of  dint  rict  ■ 

todatc r4.  H7(i  80  o  Hi  rem  to  date I    44S,00IM 

June  :)0  Krttimateil    liabilltiea     to  ; 

date !        I,750« 

June  ao  Balance :        1,550  91 


070, 195  07 


C70,lMff 
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)K. 


Improving  MUHasippi  River^  Second  Distriot,  Long  Lake  Levee, 


Cr. 


(85.     I 

y     5  !  To  allotmeDt. 


i      1885. 
$15, 000  GO  J  June  30 


By  amount  expended  by 
district  officers 


$15, 000  00 


I  table  of  value  of  plant  is  appended. 

'expenditures  classitied  as  far  as  the  prei^ent  couditiou  of  the  records  admits  will  be 

ind  in  Mr.  Rees^s  report. 

Very  respectfully,  your  obedient  servant, 

Smith  S.  Leacu, 
Captain  of  Engineers, 
Jeneral  Q.  A.  Gillmore, 

FretiiiUnt  Mississippi  Hirer  Commission. 


proximate  value  of  plant  belonging  to  the  United  States^  and  used  upon  the  improvement 

of  the  Mississippi  River ^  Second  District. 


\ 


Class  of  property. 


I   Approxi- 
Nam-  !  mate  value 
ber. 


iraer  H.  M.  Graham. |  1 

inch  Daphne j  1 

i- boats 1  3 

ttress-buatH 2 

ohiue-shop  boat ;  I 

fen  boats '  4 

irter-boats 4 

vey  boat 1 

jces 24 

fl» 15 

>-dri  vers 9 

i-shells  I  2 

(Is  and  appliances * 

ce  furniture ' i 

veying  instrumonts j 

Total  value 

f    I 


June  30, 

1885. 

t 

$4.650  60 

1,380  00 

931  50 

8,280  00 

5.865  87 

4,  UO  00 

6,266  53 

779  41 

30,070  20 

255  30 

28, 613  67 

414  00 

5.000  00 

150  00 

150  00 

96,947  08 

H  1. 


PORT   OF    ASSISTANT   ENGINEER    W.    M.    REE8    UPON 

DISTRICT. 


OPERATIONS    IN    THE     SECOND 


Memphis,  Tenn.,  June  17, 1886. 

/APTAIN  :  I  bavo  the  bouor  to  submit  my  report  upon  tbework  of  improviog  Mem> 
IS  Reacli  and  Harbor  from  October  I,  l&cW,  to  June  30,  1885. 


MEMPHIS   HARBOR. 


^'liis  work  was  in  progress  on  October  1, 1??84.  At  tbat  time  several  uusuccessful 
empts  bad  been  ma<le  to  sink  mattresses  250  feet  and  300  feet  wide.  These  widths 
re  deemed  necessary  in  order  to  reach  the  greatest  channel  depth,  which  was  from 
to  100  feet. 

Lfter  the  second  mattress  broke,  whilst  sinking,  the  plan  was  postponed  until  suit- 
e  material  for  stronger  construction  conld  be  obtained,  and  also  until  a  more  fav- 
ble  condition  of  the  river  presented,  as  it  was  then  rising  with  drift  running.  In 
(  mean  time  work  on  constructing  mattresses  150  feet  wide  was  begun  and  these  were 
ced  along  the  tity  front  fn)m  Wolf  Kiver  to  below  the  foot  of  Jefterson  street,  and 
o  extended  above  Wolf  Kiver  for  a  distance  of  1,230  feet  and  into  Wolf  River  for 
istance  of  about  150  feet,  forming  a  sill  across  its  mouth.  All  these  were  sunk 
ring  low  water.     They  were  well  anchored  to  fastenings  on  the  bank  with  wire  cables 


2958      REPORT   OF   THE   CHIEF    OF   ENGINEERS,  U/S.  ABMY. 

every  50  feet.  The  bank  was  then  gra(h)d  to  an  easy  slope,  and  a  re  v»»tnient.  of  double 
thickness  of  brush  placed  ther(H)n ;  this  wjis  covered  with  stone  in  juxtiipoKitioD. 
Soft  places  on  the  bank  and  ])ockets  nearth-^  watt^r  linw  werecoveriMl  ()r  tilled  with  cy- 
press bark.  Care  was  taken  to  connect  well  the  niiper  ami  lower  revet nitMitii,  and  where 
they  conid  not  be  wired  together  floating  niaitroHSfs,  continuous  with  the  iitiper  n^- 
yetmeut,  were  built  to  overlap  the  io\V(T  work  by  at  l<*iist  *M.)  feet.  This  overlappin); 
occurs  for  about  three-fourths  of  the  entire  length  of  revetment,  making  at  or  near 
low-water  line  a  double  thickness.  To  prevent  stt^aniboat-s  from  displacing  tlm  liruith 
of  the  upper  revetment  wire  cables  were  placed  alongside  the  transverse  poles  and 
wired  to  the  grillage  poles  below.  Pre]>anitio.i  buiu:r  co  npletel,  and  the  water  lieiii^ 
aufticiently.  low,  work  on  mattresses  2.50  feet  wide  was  resumed  on  Nove'nber  4,  th« 
project  being  to  place  these  on  top  of  the  ir>0-fe<»t  matrresses  fmm  Wolf  River  to  Jef- 
ferson street.  Work  began  as  near  below  Wolf  River  as  it  was  consldertNl  sife  to 
place  mooring  barges,  the  lines  from  which  couhl  not  be  lo<l  across  the  river  without 
interfering  with  the  transfer  steamboat. 

Especially  constructed  mooring  barges  held  the  head  of  the  mattreHA.  The  latter 
was  strengthened  by  moie  and  better  constructed  iron  chains  than  nHi*d  on  provjoiii 
mattresses,  and  also  by  weaving  through  and  n«'ar  its  <mter  edge  two  :^-ii]c'h  niaiiila 
lines  and  <nie  1^-inch  line ;  these  were  sunk  with  i  he  mattreas.  In  sinking  one  of  ttieM 
600-feet  long  mattresses  I  used  sixteen  ropes  at  the  head  and  three  ropes  leading  di- 
agonally across  and  fastened  at  different  points  to  the  mattr'SS.  ^l early  all  n»pcfl 
were  of  2-inch  diameter.  The  outer  two  at  the  head  were  of  2^  inch  diaineter.  la 
all,  three  mattresses  were  sunk,  extending  from  400  feet  below  Wolf  River  to  the 
middle  of  the  Memphis  Elevator,  a  total  hMigth  of  1,.'>67  feet.  More  would  have  beeu 
placed  had  not  the  rising  water  rendered  it  unsafe  io  proceed. 

To  protect  the  work  from  the  etfect  <»f  sipe  water  a  number  of  drains  were  built; 
one  was  a  plank  box  12  inches  by  18  inches  inside,  draining  the  waters  that  «(»llect  iimler 
the  Memphis  Compress  Company's  shed  into  Wolf  River;  its  length  is  about  1,000 
feet.  Others  were  placed  along  the  bank,  made  either  of  plank  or  of  stone,  placed 
upon  a  foundation  of  cypress  bark. 

Incidental  to  preparing  the  bank  for  revetment,  foundation  walls  and  piling  were 
renuived  and  the  wreck  of  a  large  model  barge  blown  up  with  dynamite. 

A  cave  on  the  paved  levee  at  foot  of  Jefl'erson  street  took  place  during  the  high 
water  of  lHd4 ;  this  was  repaired  by  the  city  authorities  during  the  summer,  but  it 
again  caved  out  during  November.  The  paving  ended  against  a  row  of  piling  along 
wHiich  scouring  was  taking  place,  due  to  the  e(i<ly  from  the  sunken  barge  aliove. 
This  was  repaired  the  second  time  by  sinking  three  or  four  mattresses  24  feet  wide  on 
top  of  each  other  and  against  the  piling,  using  a  liberal  quantity  of  bt<»iie,  tliiiH  formiog 
a  revetment  wall  to  support  the  levee.     The  slope  of  bank  out*«ide  was  nearly  Hat. 

The  total  length  of  bank  revetment  is  4,()H0  feet.  The  entire  work  has  sKmnI  tha 
test  of  this  year^  ^igh  water  very  successfully,  showing  no  signs  of  weakness  althongh 
the  current  in  front  of  it  is  as  strong  as  before,  when  caving  was  taking  place. 

UOPEFIELD   llENI). 

The  project  here  was  to  replace  the  revetment  wiished  out  during  the  high  water  of 
1884  and  to  repair  breaks  and  weak  places  in  the  work  above. 

The  new  revetment  work  extended  3,;U)0  feet.  It  was  constructed  by  firHt  driving; 
a  row  of  piling  a  few  feet  out  from  low  wat^fir,  against  this  a  mattrt^ss  1.50  feet  wiiU 
was  built  and  well  secured  to  the  )>iles  before  being  sunk.  The  upper  revetment  ex- 
tends from  the  top  of  the  bank  to  24  feet  beyond  the  piling  around  which  it  is  hiiilt. 
When  sunk,  this  laps  the  lower  revetment  by  24  feet  with  a  pile  passing  through  earli 
every  8  or  0  feet.  The  construction  was  the  same  as  in  Memphis  Harbor  The  work 
was  completed  during  November,  when  Jlie  entin^  force  of  over  200  men  began  re- 
pairing tlie  upper  bank  caves  of  last  year,  and  placing  protection  work  npoii  placet 
where  it  had  then  been  omitt^^dor  was  of  insuOicient  strength.  This  was  contiuot^ 
until  the  closing  of  the  work  by  high  water  and  running  ice,  and  was  then  in  an  on- 
tinislied  condition. 

In  addition  a  mattress  086  feet  by  ir>0  feet  was  |daced  across  Mound  City  chute  to 
replace  work  washed  out  by  the  cave  of  December,  \SS',i, 

A  large  aiiioiiiit  of  work  was  done  in  repaiiing  former  work,  as  uearly  all  upper 
revetin<Mit  had  been  made  of  insntlicitrnr  strength  and  the  connection  with  the  lower 
work  was  v<*ry  inferior.  The  upper  l>aiik  caved:  (I)  Through  want  (»f  prifper  pro- 
tection, the  work  not  being  covered  to  the  top,  but  ending  agiinst  a  hard  HtratiiU) 
which,  however,  slowly  washed,  alh)\viiig  the  water  to  get  behind  tho  nsvetment. 
(2)  Through  infetior  construction  of  n]>p(>r  rcveMnent,  particularly  wheru  joiue«t  to 
lower  ujattress,  causing  breakage  upon  slight  settling  of  bank  or  iiiHttress,  and  ex- 
posing a  portion  of  the  bank  to  the  river.  (3)  Through  siMiling  of  entii*o  revetmrut 
towards  tiie  deep  water,  caused  by  the  revet lutMit  not  reaching  to  tho  ileep  chaouel, 
thus  allowing  it  to  be  undermined.  (4)  Sipe  water  softening  the  material  nmler  the 
revetment  usually  near  the  low- water  line.  A  large  portion  of  the  reyetled  back  it 
composed  mostly  of  sand. 
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Bi'fore  clown jr  work  tho  bank  below  was  cleared  of  timber  to  facilitate  the  caving 
of  Hopefiohl  Pciiiit  and  thereby  relieve  the  pressure  against  the  Memphis  front.  The 
width  of  clearing  was  200  feet  back,  JiiHfc  below  the  work,  and  600  feet  at  the  end  of 
the  timber  about  '.1,000  feet  below.  During  this  year's  high  water  all  this  clearing 
has  caved  in,  the  caving  continuing  to  Hopetield  Point,  where  it  is  about  5^  feet. 
Here  the  Meniphis  and  Little  Rock  Railroa<l  Company  were  compelled  to  move  their 
transfer  incline  not  h*s8  than  live  times. 

No  serious  eaving  has  taken  ])lace  along  the  revetted  bank,  and  it  is  thought  that 
the  lower  njvetnieiit  is  unbroken.  The  u])per  revetment  shows  breaks  in  a  number  of 
places,  the  most  noticeable  being  about  the  middle  of  the  work,  where  no  sign  of  the 
mattress  woik  was  seen  at  the  1'2-foot  stage,  although  here  it  had  been  carried  to  the 
top  of  the  bank.  Th«?  bank  settl«'<l  in  a  series  of  vertical  prisms  behind  the  work, 
gradually  lowering  out  of  sight.  Whether  the  lower  revetment  is  still  in  place  I 
CiUinot  say,  although  from  the  small  extent  of  the  caving  back,  tho  presence  of  the 
work  imme<liately  above  and  below,  and  the  strong  current  in  front,  I  judge  it  is  un- 
broken, but  has  settled  towards  deep  water. 

Sonn*  slight  recession  has  taken  place  Just  below  the  head  of  the  timber,  where  the 
up])er  bank  is  of  hard  nuiterial,  and  where  no  work  was  placed  last  season.  The 
lowest  stage  of  water  (12  feet)  showed  that  about  300  feet  of  the  lower  end  had 
caved  otf.  With  a  deep  eddy  immediately  below,  and  also  that  the  upper  edge  of  the 
Dew  work  had  settled  in  four  places,  the  largest  being  about  15  feet  down  by  300  feet 
across.  Whetlier  this  settling  is  due  to  sipo  water  or  to  the  moving  down  of  the 
lower  revetment  it  is  impossible  now  to  determine. 

No  caving  has  taken  ])lace  above  Mound  City  Chute,  where  it  caved  considerably 
during  the  high  water  of  1883  and  1884. 

Ca\  iiig  has  taken  place  on  the  head  of  Old  Hen  Island  and  on  the  Tennessee  shore 
just  above  the  steamboat  channel  across  Owen's  Bar,  being  nearer  the  Tennessee 
shore  and  fully  3,000  feet  lower  than  last  year. 

Towards  the  close  of  the  work  the  supply  of  stone  ran  out.  and  I  had  to  resort  to 
ballasting  with  sacks  tilled  with  gravel,  a  good  quality  of  wnich  was  obtained  near 
the  work  ;  33,900  sacks  were  used,  the  average  weight  being  185  pounds  each. 

SURVEYS. 

A  survey  ]>arty  was  employed  until  February  4.  1835.  They  made  a  triangnlation 
survey  from  Island  No.  40  to  Presi<leut  Island,  establishing  range  stations,  and  sound- 
ing  over  them  at  regular  intervals,  but  as  no  soundings  nave  been  taken  since  high 
water  no  comparison  as  to  changes  can  be  made. 

PLANT. 

No  new  boats  or  barges  have  been  added  and  none  lost  from  service.  All  the  float- 
ing proprrty  is  in  fair  sc^rviceable  condition.  Pumps  for  hydraulic  grading  were 
placed  on  a  pile-driver  hull  in  November,  1881.  They  discharged  about  450  gallons 
per  minute  at  a  ])ump  pressure  of  225  pounds  per  inch,  grading  during  ten  days  of 
work  an  averaije  of  nearly  200  cubic  yanls  of  earth  per  hour,  at  a  cost  of  2  cents  per 
€'ubic  yard.     Two  graders  were  employed. 

Statement  of  work  done, 

MEMPHIS   HARBOR. 

Mattress  made,  1,770  feet  by  150  feet squares..  2,655 

Mattress  sunk,  2,07  1  fe<'t  by  150  feet do 3,107 

Mattress  made,  I,  r>fl7  feet  bv  2.'>0  feet do 3,918 

Mattress  v,nik,  l.r>(>7  feet  by2,''>0  feet do....  3,918 

KpiMT  li.Miik  r-  vet  1 1  lent,  completed do 5,912 

Earth  removed,  hvdraiilie  grading cubic  yards..      17,481 

Earth  n'inove<l,  hand  grajling do 5,963 

23,444 

(!v]>ress  bjirk  pIjuumI  on  bank cords..  1,850 

l^iix  drains  Imilt feet..  1,200 

Materiiil  ii^ed : 

Hmsli    cords..  11,978 

Poles • do 440 

Stone cubic  yards..  13,654 

Liiiiii.er feet,  B.M..  21,823 

15a' k ' cords..  1,850 

Wire pounds..  95,142 

Wire  roj>e do 14,733 

IuMi  roils * do 85,867 

ii;pikes do....  22,500 
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IIOPEFIELD   BEND. 

• 

Mattress  iiiade»  2,815  feot  by  ir>0  feet squares..  4.243 

Mattivss  sunk,  2,97H  feet  by  150  feet do 4,467 

Upper  bank  rovetiiient,  completed do 6,5:i6 

Euitli  reinuved,  hydruiilie  i;rudiiig cubic  yards 63,251 

Eurth  removed,  baud  i^radiug do....       9, 861 

73.112 

Banks  cleared  of  timber acres..  26 

Gravel  loaded  iu  sacks cubic  yards..  3.135 

Material  used  : 

Brusb cords..  14.674 

Poles do.-..  282 

Stone cubic  yards..  6.4r'7 

Wire l>ound8 . .  98,  (190 

Spikes do 17.H00 

Gravel cubic  yards. .  3, 135 

COST  OF  WORK. 
Mom  plus  Harbor : 

Mattressing $60,867  23 

Grailing 3.581  62 

Hauling  bark l,40i!J  50 

Building  drains 405  65 


Hope  field  Bend : 

Mattretssing 55,138  82 

Grading 5,599  74 

Clearing  bank 366  20 

Loading  gravel 1, 238  34 

General  work : 

General  administratiou  and  care  of  fleet 10, 212  47 

Surveys 1,928  63 

Steamers 7, 018  56 

C'OnNtrnction  of  plant 2, 359  34 

Kepairsto  plant 7,389  12 

Transferring  rock 3,583  90 


166.263  10 


62, 343  10 


Respectfully  submitted. 


Capt.  Smith  S.  Leach, 

(■orps  of  Engineers, 


32,492  0» 
161, 098  2i 


W.  M.  Rke8, 

A88i9iant  Engineer. 


Appendix  I. 

ukfokt  of  captain  c.  b.  8kar8,  corps  i>f  engineers,  upon  operation  in  tbi 

third  district. 

1.— Lake  Providence  Reach. 

For  an  nceount  of  tbe  extent  of  tbis  resell,  its  pbysical  characteristics,  and  the 
general  project  tor  its  improvement,  reference  is  made  to  the  commissioner's  report. 
lor  If^r^'.^.  All  work  dtnie  during  the  nine  months  past  has  been  in  conformity  with 
tbe  grneral  projt'ct  therein  sot  forth. 

The  greater  portion  of  the  work  has  been  bank  revetment,  to  secure  Louisiana  Bend, 
Pileher's  Toiiit,  and  jirevent  thereby  a  radical  change  in  the  regimen  of  thA  river  im- 
nuHliately  below,  accompanied  by  a  possible  destruetitm  of  the  contraction  workA 
there  situated  and  a  serious  impairment  of  the  good  low-water  c)iannol  which  hat 
result  (id  tVnm  these  works. 

The  contract  i(Mi  work  has  been  confined  to  repairs  in  former  work,  the  oonstme- 
tion  of  three  cross  dikes  in  chutes,  and  the  building  up  to  a  higher  level  of  the  wat- 
tling on  the  main  dikes. 
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The  contractiou  work  was  brought  to  a  close  Janaary  2,  and  the  revetment  work 
January  31,  1885,  and  the  working  forces  discharged. 

A  survey  party  was  maintained  until  March,  1885,  engaged  in  slope  and  discharged 
observations  and  quarterly  and  special  surveys. 

Congres-s  having  adjourned  March  4  without  making  any  appropriation,  the  survey 
party  was  discharged  and  the  force  in  charge  of  public  property  reduced  to  one  as- 
sistant engineer  at  a  reduced  salary  and  a  small  number  of  boatmen  and  laborers 
just  snflicicnt  for  the  care  of  the  tleet.  This  latter  was  assembled  at  Wilson's  Point 
and  ])ut  in  good  shape  for  care  and  preservation.  It  consists  of  two  hundred  and 
eleven  pieces. 

(1)  Vuncansby  to  Stack  Island. 

Assistant  Engineer  Arthur  Hider,  in  immediate  local  charge,  assisted  by  Assistant 
Engineer  Childs,  in  charge  mattress  and  revetment  work ;  Assistant  Engineers  Rnple 
and  Tollinger  in  charge  of  dike  work ;  Assistant  Engineer  Thompson  in  charge  of  sur- 
veys and  observation. 

DUXCAN8BY   SYSTEM. 

Xo  fnrther  work  has  been  done  here.  The  nuiin  channel  has  continued  its  encroach- 
ment on  tlu'  dikes  at  the  head  of  the  Duncausby  Chute,  and  has  carried  away  every- 
thing above  cross  dike  No.  rt  except  a  few  hundred  feet  of  No.  7.  This  cross-dike 
(No.  ^)  and  tlie  main  dike  below  are  all  that  remain  of  the  Duncausby  system. 

Tin'  dikes  that  have  been  cnt  away  by  the  main  channel  encroaching  bodily  had 

Eractieally  aeeoniplished  the  object. of  their  construction,  viz:  The  closing  of  the 
ead  of  Dinuansby  Chnte  and  the  consequent  elimination  of  the  danger  of  the  main 
channel  sliifting  into  this  chute.  The  angle  of  direction  of  the  axis  of  this  channel 
is  now  so  obtUH(?  with  reference  to  the  axis  of  the  chute  as  to  obviate  this  danger. 

MAYERSVILLE   SYSTEM. 

Cottonwood  rfjA'68.— These  dikes  were  finished  at  date  of  last  annual  report.  No 
re])air  work  has  been  done  and  but  little  needed.  At  present  date  the  water  has  not 
fallen  snlhriently  to  determine  by  inspection  the  amount  of  fill  behind  these  dikes 
caused  l>y  the  winter  and  s])ring  rises.  It  will  not  be  very  great,  as  the  rises  have  not 
been  high,  :{5.  i:j  feet  on  Lake  Providence  gau^e,  3  feet  lower  than  high  water,  1884. 
The  water  was  charged  with  comparatively  little  sediment. 

JJaytrsville  Chute. — An  additional  cross-dike  (No.  3)  has  been  built  in  the  chute 
about  500  feet  above  Range  55.  It  is  450  feet  long.  One  hundred  and  twenty  linear 
feet  of  <lonble  dike,  to  strengthen  No.  1,  has  been  built. 

The  i'liaiiiu'l  has  continued  its  encroachment  on  the  dikes  at  the  head  of  the  chute. 
The  small  portion  remaining  October  1,1884,  has  all  been  carried  away,  together  with 
some  75(1  fec^t  oil"  the  head  of  the  island.  Here,  as  at  Duncansbj',  the  direction  of  the 
main  channel  has  become  so  oblique  to  the  chute  as  to  allay  any  fears  of  its  going 
down  this  chute. 

REVETMENT   OF   MAYERSVILLE   ISLAND. 

Further  repairs  to  tlu^  revetment  work  at  the  head  of  the  island,  covering  some  700 
linear  feet  of  bank,  were  made  in  October,  but,  as  foreshadowed  in  my  last  report,  this 
has  all  been  can  ie<l  away  by  the  direct  impingement  of  the  main  channel.  The  island 
is  made  np  entirely  of  tine  sand,  and  theenrrent  at  the  head  and  along  the  river  front 
is  very  strong.  The  wlude  head  and  front  have  been  revetted  twice,  and  a  portion  of 
the  bead  three  times,  that  is  to  say,  the  original  length  of  the  revetment  was  8,930 
linear  feet,  bnt  work  representing  15,578  linear  feet  has  been  done. 

There  is  now  standing  but  54  per  cent,  of  the  original  linear  length. 

BALESIIED  SYSTEM. 

Two  cross  dikes  in  the  Baleshed  Ohute,  continuation  of  Nos.  8  and  11,  506  and  667 
linear  i'vvt,  resprciivrly.  have  been  built,  and  the  wattling  on  the  main  dike  raised 
several  fret.  The  low  water  at  time  of  construction,  and  wantof  funds  after  the  water 
rose.  ])rrvented  the  entire  completion  of  these  two  cross-dikes,  and  the  retilling  of  the 
ga]>  in  the  diagonal  dike  at  the  head  of  Stack  Island,  made  for  the  passage  of  plant. 

During  the  last  high  watrr  in  January  a  gap  was  made  in  the  main  dike  between 
cross-dikes  Nos.  s  and  'J.  This  was  the  oldest  part  of  the  dike;  the  piles  were  very 
rott<'n,  and  were  prohahly  broken  olV  by  drift.  This  gap  is  now  about  1,000  feet  wide, 
and  on  .Tnn«'   I  had   15  iVet  of  water  through  it  in  deepest  part;  Lake  Providence 
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gauge,  23.5  feet.  This  ^ap  shonld  receive  early  attention,  as  soon  aa  funds  are  avail- 
able, as  the  direction  of  the  current  is  acate  with  reference  to  the  main  channel,  and 
the  river  lua^  take  its  coarse  down  back  of  Stack  Island. 

The  place  id  main  dike  between  cross-dikes  5  and  6,  that  gave  bo  much  trouble  last 
fall,  and  which  was  repaired  the  last  of  the  season,  has  stood  well,  and  is  in  a  &ir 
way  to  iill  np  and  permanently  strengthen  itself. 

For  further  details  of  the  work. see  report  of  Assistant  Engineer  Hider  herewith. 

(2)  Louisiana  Bend^  Pilcher'8  Point, 

Assistant  Engineer  J.  £.  Turtle  in  charge,  assisted  by  Assistant  Engineera  Steubling 
and  Armstrong. 

This  is  entirely  revetment  work,  and  consists  (1)  of  a  mattress  bnilt  on  the  water 
and  sunk  so  as  to  bring  its  inner  edge  at  low-water  mark,  the  width  of  the  msttrMi 
extending  along  down  the  under- water  slope;  this  is  the  lower-bank  protection; 
(2)  of  a  mattress,  well  bnlliisted  with  riprap,  built  in  situ  on  the  bank  rrom  low  to 
high  water  mark,  after  the  bank  has  been  graded  to  a  uniform  sloi^e  of  from  1  to  9 
to  1  to  4;  this  iH  the  upper-bank  protection,  and  (3)  of  a  lapping  foot-mat  attached 
to  the  upper  mattress  and  extending  out,  so  as  when  sunk  to  lap  well  over  the  lower 
mat,  tliufl  covering  and  strengthening  the  connection  between  tne  two. 

At  the  date  of  last  report  the  lower  bank  had  been  revetted  from  Range  17  to 
Range  21^,  a  distance  of  10,000  feet.  The  upper  bank  had  been  graded  and  revetted 
from  Kange  17  to  Range  18.7,  a  distance  of  3,600  feet,  and  the  npper  bank  graded.bat 
not  revetted  to  a  further  distance  of  1,450  feet.  Since  then  the  low-water  revetment 
has  been  continued  to  Range  22.4,  a  further  distance  of  !i^500  feet;  the  upper  bank 
has  been  graded  and  revetted  a  further  distance  of  7,850  feet  down  to  Range  2L9, 
and  graded,  but  not  revetted,  a  further  distance  of  1,050  feet,  or  down  to  Range  22.4; 
a  foot-mat  connecting  and  strengthening  the  upper  and  lower  bank  revetment  has 
been  constructed  from  Kange  17  to  Kange  22.4,  a  distance  of  12,500  feet. 

Work  stopped  on  January  31,  for  want  of  funds.  At  this  date  the  bend  was  well 
revetted  from  Kange  17  to  22.4.  The  work  had  been  thoroughly  well  done  and  tbsn 
was  every  prospect  that  the  bank  would  hold.  The  lower  mattreaa  extended  well 
out  on  the  lower  slope,  in  a  number  of  places  opposite  pockets  being  over  900  fiseC 
wide.  No  accidents  occurred  to  any  mattress  in  sinking,  and  all  went  down  in  good 
shape.  The  upper  bank  was  well  graded  before  revetting,  and  the  brush  revetment 
was  well  and  heavily  ballasted  before  the  water  began  to  rise. 

Soon  after  work  stopped,  about  February  5,  breaks  began  to  take  place  at  irregular 
intervals,  and  continued  up  to  April  20.  These  were  in  length  from  50  to  400  leet, 
and  extended  back  from  0  to  125  teet.  As  yet  the  water  has  not  been  low  enough  to 
examine  the  lower  part  of  the  revetment.  No  local  canses  for  these  breaks  can  be  de- 
termined. In  some  places  the  npper  bank  revetment  seems  to  have  slipped  down, 
leaving  the  bank  vertical  but  without  further  caving,  while  in  other  plaoes  the  eaT- 
ing  lias  extended  back  some  125  feet,  and  the  upper  mattress  has  either  flattened  oit 
on  to  the  bottom,  or,  revolving  on  its  lower  edge  where  attached  to  the  lower  msttresii 
has  tip)ied  forward  and  dumped  its  ballast  and  remains  floating  on  the  water. 

A  survey  made  in  March,  18H5,  and  compared  with  that  of  November,  lti84,  showed 
that  there  has  been  no  general  deepening  of  the  channel,  but  the  deep  water  hat 
shifted  over  towards  the  concave  shore,  aiid  the  lower  mattress  has  sunk  down  and 
tlatt<med  out,  dragging  the  upper  mattress  with  it  in  places.  This  accounts  forthsis 
being  as  yet  no  falling  back  of  the  general  line  of  the  bend  where  it  has  been  revetted. 
The  part  below  the  revetment,  i.  e.  down-stream,  has  caved  back  from  200  to  600  ftet^ 
clear  down  to  the  point  on  Kange  26. 

During  the  last  high  water  the  current  in  the  bend  was  exceedingly  strong  and 
turbulent,  with  many  boils  and  eddies.  The  bank  above  the  head  of  the  levetmeDt^ 
which  for  years  had  resisted  the  action  of  the  current,  gave  way  suddenly  during  tks 
last  high  water  and  caved  back  so  rapidly  that  a  planter  had  not  time  to  move  awaj 
a  lot  oi  baled  cotton  placed  on  the  bank  for  shipment. 

Of  the  original  12,500  feet  of  revetment,  there  is  now  left  only  70  per  cent.,  or  8|7G0 
linear  feet,  nhowing  a  loss  of  3,750  feet.  Ha<l  we  had  the  money  and  means  to  b«a 
repairs  aH  soon  as  each  break  first  developed,  we  donbtless  could  have  reduced  3m 
percentage  of  Iohs  very  materially.  I  apprehend  no  further  caving  until  next  higk 
water,  when  I  should  not  be  surprised  to  see  the  rest  of  the  revetment  go. 

I  confessmy  deep  disappointment  at  the  result  of  this  work.  Itseemstometodemoa- 
strate  that  the  average  bank  of  the  Lower  Mississippi  cannot  be  held  at  a  reasonable 
cost  by  this  fonn  of  revetment.  Had  the  bank  been  revetted  with  double  lower  nal* 
tress  as  was  done  along  the  Memphis  City  front,  I  think  it  would  have  held,  but  ths 
cost  would  have  been  about  double  what  it  was,  or  about  $30  a  linear  foot. 
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FINANCIAL  STATEMENT. 

Improving  Mississippi  Biverj  October  I,  1884,  to  June  30,  1885. 

Balance  available  October  1,  1«84 $263,492  67 

Refanded  on  account  of  an  overpayment 10 

Transferred  from  the  general  service ■, 56, 000  00 

Received  from  sale  of  fuel  to  officers 31  50 

Transferred  from  Vicksburg,  Harbor  allotment 2, 000  00 

Transferred  from  levees,  Tensas  front  allotment 7, 700  00 

Transferred  from  levees,  Yazoo  front  allotment 2, 000  00 

Transferred  from  survey,  Choctaw  Bend  allotment 1,320  14 

Total 332,544  41 

Exx>ended  from  October  1,  1884,  to  June  30,  1885 : 

Services $131,209  66 

Material  and  supplies 86,485  29 

Subsistence 29,546  65 

Plant,  tools,  and  repairs  of  same 46, 434  61 

Charter  of  steamers  and  barges 3, 130  00 

Fuel 8.881  51 

Miscellaneous 4, 786  24 

310, 4r3  96 

Balance  June  30,  1885 22,070  45 

Of  this  balance  $:i, 880.67  is  pledged  to  meet  unpaid  liabilities. 

(3)   SUMMARY. 

The  original  condition  of  the  channel-way  along  the  Lake  Providence  Reach  was 
bad,  the  cnaunel  being  flat,  badly  defined,  and  ofteu  in  extreme  low  water,  with  only 
5  feet  depth. 

The  original  project  for  improvement  was  the  narrowing  of  the  water-way  to  3,000 
feet  by  closing  the  chutes  and  creating  artificial  banks  through  deposition  and  the 
preservation  of  the  natural  curves  of  the  river  bv  revi^tting  the  caving  banks.  No 
important  changes  have  been  made  in  the  general  plan. 

The  total  amount  expended  to  October  1,  1884,  was  $1,863,653.15. 

At  that  date  the  availability  of  the  chanuel  for  the  purpose  of  navigation  and  com- 
merce had  been  greatly  improved,  there  being  throughout  the  reach  a  depth  of  not 
less  than  15  feet  with  a  fair  navigable  width  and  regular  course. 

Dnriug  the  nine  uiouthH  ending  June  30, 1885,  there  have  been  expended  $310,473.96. 
The  chaunel  has  continued  to  improve. 

November  29,  1884,  Lake  Providence  gauge,  6.58  feet. 

Stack  Island  crosning  had  19  feet  against  17  feet  September  19,  1884,  gauge  6.6  feet ; 
and  Ben  Lomoud  crossing  had  16  feet  November  29,  against  15  feet ;  September  19. 

There  are  indications  that  the  channel  opposit<e  Shipland  may  divide  in  low  water 
and  go  down  on  both  sides  of  Ajax  Bar.  If  this  occurs  the  crossing  here  will  prob- 
ably be  the  shoaleston  the  reach.  It  may  be  necessary,  when  work  is  resumed,  to  close 
one  of  these  channels. 

I  am  not  prepared  to  ask  for  any  definite  sum  as  being  the  amount  that  can  profit- 
ably be  spent  during  the  next  fiscal  year,  as  this  will  depend  upon  whether  we  con- 
tinue the  experiments  of  revetting  caving  banks. 

For  the  repairs  of  dikes  in  the  Mayersville  and  Baleshed  systems,  the  repairs  of 
plant,  care  of  property,  &c.,  and  dike  work  at  Ajax  Bar,  if  it  prove  necessary,  ^^^00,000 
can  be  profitably  expended. 

If  revetment  work  be  renewed,  $400,000  in  addition  can  be  expended  during  the 
fiscal  year  ending  June  30,  1886. 

The  advantages  and  benefits  to  be  expected  from  the  repair  of  the  dikes  will  be  the 
maintenance  of  the  present  good  low- water  channel. 

An  estimate  for  the  entire  and  permanent  completion  of  the  work  of  improvement 
on  this  reach  I  am  unable  to  give,  not  knowing  the  intentions  of  the  commisHion  as 
to  the  ultimate  extent  of  the  work.  As  this  work  is  only  one  link  in  the  chain  of 
general  improvement  of  the  river,  the  amount  of  commerce  and  navigation  that  will 
be  l>enefited  is  that  incident  to  the  whole  river. 

The  present  estimated  vi.lue  of  the  plant,  tools,  and  outfit  on  hand  belonging  to 
the  reach  is  $.340,000. 

II. — Vicksburg  Harbor. 


Assistant  Engineer  H.  St.  L.  Copp^e,  in  charge. 

'  ■  '  •«  ^^      ■■■  ^x  «« 1  r      ^%  XV «*Xk      ^%  ^v «-k  n •  c«  V  c«      XX  V     ^  v%  XV     V  wv>  vx «ftXX  «▼  xx  wnt%  xv «%  ^     xv •>     ^  1 


The  work  here  consists  of  the  improvement  of  the  harbor  proper  (Centennial  Lake, 
in  front  of  the  town)  and  the  maintenance  of  Delta  Point,  Loaisiana,  oppoaite  Vicks- 
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burg.  The  foniuT  is  fiitirclj'  local  in  character,  and  would  add  uothiu|;  to  the  gen' 
eral  ini])rovcnicTit  of  tho  river.  No  funds  were  allotted  from  the  last  two  appropria 
tiouB,  aud  no  work  has  been  done. 

DELTA   POINT,   LOUISIANA. 

The  holding  of  this  point  iH  deemed  essential  to  prevent  further  recession  of  the 
river  from  Viekshurg  and  to  maintain  the  regimen  of  the  river  immediately  below. 
This  has  l)een  held  by  a  mattress  and  riprap  revetment  for  nearly  three  years,  bat 
at  considerable  expense  for  r<'])airs  and  enlargement. 

The  work  on  the  down-stream  prohpngation  of  the  revetment  was  finished  October 
10,  lJ^64.  In  March  two  nlides  took  place  in  the  upper  bank  revetment,  just  below  i 
large  eddy,  about  the  middle  of  a  length  (»f  the  revetment.  They  agji^ref^Ate  about 
400  tee t  in  length  along  the  water  line.  The  sliding  then  8top]>edy  aud  was  accom- 
panied by  no  nniterial  caving.  Fnnds  having  been  assigned,  I  ordered  plant  and 
material  sent  down  from  Lake  Providence  Reach,  and  these  breaks  were  repaired, 
taking  about  six  weeks  and  costing  some  $0,400.  No  further  damage  has  taken  place, 
and  n(»ne  is  a])prehen<Ied  until  the  next  high  water. 

The  Vicksbnrg  and  8hreve))oit  Railroad  has  shown  its  faith  in  our  ability  to  hold 
the  ])oint  by  ordering  an  incline  to  be  built  at  Delta  Point  to  bt*  used  for  the  tranNfer 
of  trains  in  connection  with  an  incline  on  the  Mississippi  side.  The  one  on  the 
Louisiana  side,  will  cross  over  our  revetment,  .and  its  stability  will  depend  npon  that 
of  the  revetment. 

The  total  expenditure  on  Vicksburg  Harbor  under  the  Commission  to  Jnne  30, 1885^ 
has  been  ^Ititv^J^^-'-^').  and  of  this  about  §110,000  has  been  exi>en<led  on  Delta  Point 
Previous  to  the  Commihsion  taking  charge  $'4J03,2*^J.87  had  been  expended  on  DelU 
Point. 

It  wouhl  be  well  to  have  $'20,000  available  during  the  next  fiscal  year  for  ri'pain 
on  this  work  should  more  weak  places  develop. 

FINANCIAL  STATEMENT. 

Balance  available  October  1,  18S4 $10, 720  09 

Allotted  November  l,l?<ri4 4,000  00 

Tran>tV.'rred  fiom  general  service  aHotment 10,000  IK) 

$24,720t» 

Expemh'd  from  October  1,  1884,  to  June  :W,  188.' : 

Services $8, 469  93 

Material  and  supplies 6,164  (59 

Subsistence 1,732  37 

Plant,  tools,  and  returns 575  si 

Charter  of  steamers 714  00 

Fuel 811  50 

Miscellaneous 569  50 

19.0:J7  81 
Transferred  to  Lake  Providence  allotment 2, 000  00 

21,037  81 

Balanee  Juno  :10,  18K') 3,6ti8  68 

Of  this,  .**i,l)r)H>2  is  pledged  to  meet  unpaid  liabilities. 

LEVKFIS. 

VazoofronL—'l'luy  ?•>(), ()0()  allotted  for  this  front  in  the  third  district  has  been  ex- 
pended ill  n'HJiirs  to  rnite<l  States  levees  from  Riverton  to  Huges,  and  Clay  and  Big- 
ot t's  to  Kastoii,  Miss. 

Propos.ils  wne  jidvertised  (h-tober*^,  l!^f^4.  Bids  were  opened  October  20;  contracti 
were  made  with  tin-  lowest  bidders  iespectiv«dy  on  the  two  seclions,  viz:  FromBiT- 
erton  ttf  llii;;es,  M)ine  :j:;,(Mi()  cubie.  yards,  to  W.  C.  P.  Jones,  at  5W  cents  a  cubic  yird 
for  e.irtli-work,  1  cent  .i '^Jiuare  yard  for  tuft-sodding,  and  2  cents  a  sqnaro  yaidto 
solid  soddiii;r:  fn>in  (lay  and  Ba;;ott's  to  Kaston  some  :)*J,000  cubic  yards,  to  L.  C. 
Diilaney.  at  "Jilei  iit>a  iiihie  ,\ard  foreiii  th-work,  1  cent  a  sijuara  yard  for  taft-soddiD^ 
and  'J  eeiit'<  a  s(|nare  yard,  for  s(tli«l  MMJding. 

These  coniKK  ts  wnr  tMllille<l  and  the  work  tinished  on  both  sections  in  Febrntfji 

ld-r>. 


eigl 


Tnisiif^  j'rnnt. — The  woik  of  liiling  gups  in  the  hrvee  from  Delta  to  Bedford,  andBil' 
;h  to  Willow  Point,  La.,  IM.UiM)  and  l!2r>,000  cubic  yards,  respectively,  let  toOcoig* 
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I 

Aniold,  and  referred  to  in  my  last  annual  report,  was  began  in  October,  18^,  poshed 
forward  energetically  and  satisfactorily  finished  in  February,  1^)85.  Proposals  for  tho 
repair  of  the  levee  from  Wilton  to  Raleigh,  and  Pecan  Qroye  to  Willow  Point,  La., 
some  15,000  cubic  yards,  and  on  the  BncKhorn  levee  from  Omega  to  Rose  Hill,  La., 
some  5,000  cubic  yards,  were  advertised  November  25, 1884 ;  bids  were  opened  Deoem* 
ber  5,  1884,  and  the  contract  .awarded  to  Joseph  C.  Neely,  at  96^  cents  a  cubic  yard. 
The  work  was  all  topping  work,  and  was  finished  in  March,  1885. 

There  not  being  sufficient  funds  to  make  earth-work  repairs  to  th#  Illawara  main 
front,  rongh  lumber  was  bought  and  this  front  revetted  witn  boards,  end  on  and  spiked 
to  sills  anchored  in  the  old  levee. 

The  necessary  guarantees  having  been  given,  proposals  for  building  the  levee  from 
Arkansas  City  to  Amos  Ridge,  Ark.,  some  3*^,000  cubic  vaids,  were  advertised  No* 
▼ember  2, 1884,  bids  were  opened  November  8, 1884,  and  the  contract  awarded  to  tho 
Tennessee  Industrial  Company,  John  D.  Adams,  president,  at  24  cents  a  cubic  yttrd, 
including  clearing  and  sodding.  The  ooi|traotors  guaranteed  to  build  the  whole  lino 
under  my  direction  and  to  my  satisfaction,  and  to  receive  for  their  work  not  to  exceed 
$25,000,  the  amount  allotted. 

Work  was  begnn  in  November  and  satisfactorily  finished  In  ApriL 

This,  for  the  nrnt  time  for  years  entirely  closes  this  line  and  the  head  of  Tensas  in- 
terior basin.  There  are  now  but  two  gaps  in  the  United  States  line  below  Arkansas 
River,  viz,  at  Dnffiu's  and  Panther  Forest. 

FINANCIAL  STATBMKMT. 

Lefoeei^YoMoo  Front 

Balance,  October  1, 1884 $23,504.96 

Expended : 

Services $2^338  89 

Labor  and  material 245  66 

Contractors' estimate 18,488  72 

Miscellaneous 346  43 

21, 419  70 

Transferred  to  Lake  Providence  allotment 2, 000  00 

23,419  70 

Balance  available  June  30. 1885 1..  174.66 

Levees — Tetwu  Front, 

Balance,  October  1,1884 $57,186  47 

Expended : 

Services $3,563  19 

Labor  and  material 1,471  85 

SubsiMtence 8  50 

Plant,  tools,  &c 889  84 

ContractorH' entlmate 42,831  96 

Miscellaneous 688  87 

49,454  21 

Tran8ferre<l  to  Lake  Providence  allotment 7, 700  00 

57,154  21 

Balance,  June  30,  1885 32  26 

Levee,  Arkansas  City  to  Amos  Ridge,  allotted 25,000  00 

Expended  for  engineering,  inspection,  and  contractors'  estimate 25,000  00 

Re8i>ectfully  submitted. 

Clinton  B.  Sbars, 

Captain^  Bngineere. 

To  Col.  Q.  A.  GiLLMORE, 

Corps  of  Engineers,  U,  8.  A., 

President  Mississippi  Siver  Commission, 
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I  1. 

REPORT  OF  ASSISTANT  ENGINEER  ARTHUR    HIDER   UPON    OPERATIONS   IN  THE  THIBD 

DISTRICT. 

Wilson's  Point,  La.,  June  8, 1885. 

Sir  :  The  fol1#win^  report  of  the  operations  of  the  Lake  Providence  constmction 
party  from  October  1,  1884,  to  June  30,  18S5,  is  respectfully  sabmitted: 

The  construction  work  done  since  the  last  report  has  been  confined  to  repairs  to  the 
revetment  at  the  head  of  Mayersville  Island,  which  had  beffnn  to  cave ;  the  oonstrac- 
tion  of  additional  cross-dikes  in  Mayersville  and  Baleshed  chntes  and  wattling  the 
dikes  that  had  heretofore  been  built  on  Baleshed  Bar  and  Stack  Island. 

Extensive  repairs  became  necessary  to  the  revetment  along  the  face  of  Mayenviile 
Island  as  the  season  advanced,  the  sliding  and  caving  increasing.  These  repairs  were 
completed  December  6, 1884,  and  the  work  to  all  appearances  left  in  good  condition  to 
withstand  the  winter  rise. 

The  cross-dike  across  Mayersville  chute,  500  feet  above  range  55,  was  finished  ex- 
cept sinking  the  foot-mat.  Cross-dike  No.  8  in  Baleshed  chute  was  finished  complete, 
but  No.  11  and  the  gap  in  Stack  Island  main  dike  were  necessarily  left  in  an  nnfia- 
ished  condition  by  reason  of  the  sudden  suspension  of  work. 

effects  of  the  last  high  water  on  the  CONBTRUCnON-WORK  DIKES. 

Duncanahy  dike8. — The  river  channel  has  still  further  encroached  on  the  bar  at  tiie 
upper  end  of  the  Duncansby  chute,  further  scouring  out  the  outer  ends  of  the 
dikes,  as  had  been  anticipated  in  the  last  report. 

However,  the  river  shows  no  disposition  to  go  down  the  chute ;  the  caving  has 
tirely  ceased,  there  is  little  current,  and  the  dikes  originally  constructed  at  the  head 
of  this  chute  may  be  considered  to  have  served  the  purpose  for  which  they  were  de- 
signed, viz,  to  prevent  the  enlargement  of  the  chute  and  overcome  the  tendency  of  the 
river  to  take  this  course. 

Gaps  about  50  f(H)t  wide  have  been  washed  out  in  Cross-dikes  No.  7  and  No.  8,  near 
the  Mississippi  shore. 

Cottontcood  dikes. — This  syRtem  of  dikes  has  suffered  bnt  little  damage ;  a  few  pilei 
in  the  outer  rows  of  the  main  dike  have  been  broken  off  by  drift.  The  bar  behind 
thcHe  dikes  has  increased  both  in  height  and  length. 

Mayersville  dikes. — The  main  cross-dike  has  remained  intact.  The  drift  accnmnlA- 
tious  in  front  have  nearly  doubled ;  a  gap  of  100  feet  in  width  waa  washed  oot  hi 
Cro88-dike  No.  3.    The  fout-mut  on  this  dike  was  built  bnt  not  snnk. 

Baleshed  dikes. — A  ga])  of  about  300  feet  in  length  occurred  in  January  by  the  break- 
ing off  of  the  piles  by  drift  in  the  nuiin  dike  between  Cross-dikes  No.  8  and  No.  9. 
This  gap  has  increased  to  about  1,000  feet  in  length,  beginning 400  below  Croea-dike 
No.  8  and  extending  below  Cro8S-dike  No.  9,  which  has  been  washed  oat.  At  thii 
stage  (2^{.5  feet)  there  in  a  considerable  volume  of  water  passing  through  this  break. 
The  maximum  depth  at  the  upper  end  is  15  feet,  whence  it  gradnally  ahoala  to  the 
lower  end  of  the  break. 

This  water  Hows  to  the  left  of  Stack  Island,  and  the  gap  is  so  located  as  to  «d  the 
river  in  its  efforts  to  again  form  a  channel  behind  the  island.  It  is  nufortonate  ibr 
the  HucccHs  of  the  work  tliut  there  are  no  funds  available  to  repair  this  break. 

The  gap  left  in  dike  No.  11,  and  which  was  not  closed  on  account  of  the'stoppafS 
of  the  work,  has  increased  from  50  to  1.^0  feet  in  width,  due  to  the  break  in  the  maiB 
dike,  to  which  reference  has  been  made  above. 

Stack  Island  dikes. — After  the  completion  of  the  cross-dike,  it  became  neoeaaaij  te 
make  an  opening  through  this  dike  m  order  to  get  material  to  Dikes  8  and  11,  w£i^ 
had  been  orderc>d  conHtnictod.  The  abrupt  suspension  of  all  constmction  work  pn- 
vented  its  closure.  This  gap  has  increased  from  75  to  150  feet  in  width,  dne  to  the 
breaks  mentioned  above. 

revetment  work. 

Mayersville  Island, — The  effect  of  the  last  rise  upon  the  revetment  at  the  head  of 
Mayersville  Island  has  been  to  undennine  the  work  at  the  extreme  upper  end.  Hill 
undermining  continued,  caving  begun  and  increased  as  the  river  fell,  nntil  it  now  ex- 
tends from  the  head  of  the  island  down  to  a  point  about  500  feet  above  Range  S3  (a 
distance  of  3,400  feet).  Above  this  point  all  the  revetment  has  washed  ont.  ^po>^^ 
to  where  the  up])er  end  of  the  island  was,  the  caving  has  extended  back  WO  ftet 
The  present  head  of  the  island  is  700  feet  further  down-stream  than  it  was  at  the  eloee 
of  the  work  llist  season. 
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Abont  46  per  cent,  of  the  revetmeDt  vhioh  vm  reported  Id  fair  oonditioD  October 
I,  1B84,  has  been  deatroyed.  The  caving  nill  cnatiniie,  iiiileM  ureated,  as  the  main 
cnrrent  of  the  river  impingeH  directly  upon  the  head  of  the  island. 

Filehrr'a  Point  BecefmenJ. — The  revetment  finielied  laat  saason  along  LouiBiana  Bend 
caved  in  ptaceA  during  the  high  water.  These  caves  have  increased  in  size  somewhat, 
kud  now  ag^gate  about  30  per  cent,  of  the  entire  work.  No  new  breaks  have  oo- 
cnrreil  within  the  last  two  months,  and  in  uo  place  does  the  oavjpg  extend  back 
more  than  125  feet. 


Considerable  caving  baa  taken  place  on  the  right, bank  below  the  revetment  woi^ 
At  Pilcher's  Point,  forcing  the  croNsing  lower  down  and  indiioing  caving  on  the  left 
bank  where  the  current  intpiogee  between  Sauge  :iO  and  Range  34.  The  river  again 
makes  a  crossing  to  the  Louisianu  side  above  tne  head  of  the  Duucasby  Dikes,  and 
then  deflects  back  agaiu,  strikiug  the  Mississippi  shore  between  Wilderness  Landing 
and  the  ii|))ier  end  of  Muyersville  Island,  following  along  the  face  of  the  island  it  de- 
flecta^ack  lu  the  right  bank  at  Lougwooil ;  tbcnce  along  the  Lonisiana  shore  to  Elton, 
where  it  again  deflects  to  the  left  bank  at  Ben  Lomood.  From  here  the  channel 
CTossea  to  the  Lonisiana  side  at  Stone's,  following  the  shore  to  Wyley's,  and  a^aia 
crosses  back  to  the  Mississippi  shore  at  Shipland.  At  this  ^int  there  are  indications 
that  the  channel  may  divide,  dnriiig  low  water,  on  each  side  of  Ajai  Bar,  which,  if 
■ni'hshouldlMi  the  case,  wonid,  in  all  probability,  cause  thiscroising  to  be  theshoalestOD 
the  reach.  tYom  here  the  channel  follows  the  same  course  as  last  season  to  the  head 
oflsluuii  95.  The  channels  for  the  approaching  low-water  season  will  be  abont  the 
same  as  during  the  last  low  water,  except,  possibly,  the  change  indicated  at  AJai 
Bar. 

During  the  low- water  period  of  October,  November,  and  December,  sonndlngs  were 
taken  on  the  two  shallow  crossings  on  the  reach  with  the  following  resnlta.  These 
Bonndinga  were  kept  up  during  the  high  water  of  January  and  February,  IBfiS:     ' 

Skalloa  crouingt,  LalK  Pntridentt  Btatik. 
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Fmiri  (he  above  it  will  be  seen  that  improvement  took  place  in  channel  depth  in 
the  latter  part  of  I8S4,  when  compared  with  the  low  water  of  August  and  September 
earlier  in  the  season  given  below : 
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Shnllow  crosHings,  Lake  Providence  Reach. 


Date. 


e 


rsa 


s 


1884. 

AuKU8t    9 

Au^UHt  19 

Aujf list  30 

September   9 

Sept«'mber  19 

September  30 


9 


91 
U 


*  "  es 


-•_   ^    -,  •   • 


/W<.       Fe^. 


C.J. 


fwt. 


15.5 

12.6 

8.9 

9.1 

e.6 

5.8 

18 
U 
10 
]4 
17 
IS  ■ 


12 
M 
17 
11 
U 


From  all  iudications  tlicro  seems  to  be  no  reason  to  unticipate  any  deoreaae  of  depth 
in  theso  two  croNsin^s  during  the  coming  low-water  Heation,  which,  for  the  last  two 
seasons,  have  been  the  shallowest  pla<;es  on  the  reach. 


SURVEYS. 


The  work  of  the  survey  party  has  been  the  completion  of  the  low-wiiter  survey  of 
October,  1^84,  special  surveys  to  determine  the  effects  of  the  construction  works,  dis- 
char^re  measurements,  slope  observations,  and  the  preparation  of  progress  sketches. 

Below  is  a  summary  of  discharge  observations  taken  at  Wilsou^s  Point,  from  Octo- 
ber I,  1881,  to  Marcho,  1885  : 


October  21... 
November  25 


Date. 


1884. 


January  3 . . . 
January  8... 
January  13. . 
January  21.. 
January  29.. 
February  6  . 
February  14 
February  19 
February  25 
March  5  .   . . 


1885. 


Lake 
Pn»vi«lence 
g»ugc.     I 


Feet. 
13.90 
6.84 

21. 05 
27.93 
30.75 
33.03 
34.61 
33.70 
2^28 
27.15 
24.65 
17.51 


Area. 


iocii>  per    „^,iu,<yiBd. 
■    necond. 


persecomd. 


Squarefeet. 

Feet. 

Cu.Feet. 

115,404 

8.442 

30f.2SS 

86.448 

2.029 

353.Slff 

121, 547 

4.018 

488.114 

.    155, 310 

!S.186 

805.M 

169,065 

&779 

O77.oa 

174,417 

5.272 

010, 5il 

178. 151 

5.304 

oeo,ftS 

181.883 

&110 

num 

156,660 

4.303 

688^29 

150,568 

4.879 

898.  All 

149. 472 

4.100 

613. 7W 

125. 572 

3.546 

445^281 

The  highest  gauge  rea<ling  (Lake  Providence  gauge)  was  May  10,  18cJ5 — 35.10  feet; 
lowest,  December  14,  1884 — 5.50  feet. 


Field  work :  summary  of  work  donr. 

Discharge's  obtained nnmber.. 

Discharges  computed do 

General  sl(>i)e  taken do.... 

Shori"  line  located miles.. 

Gauges  tested  and  reset number.. 

Signals  replaced do.... 

Raiigt's  sounded do 

Leveling miles.. 

Crossin^rs  sounded nomber.. 


f  A   ej 


^•\   erected do.... 

S]>ecial  surveys do.... 

Lines  cleared ...miles.. 

Office  work : 

Ma))s  made nnmber.. 

Tracings do 

l*rog^^s8  sketches do 

Co]>irs  of  these  maps  have  been  forwarded  to  you  from  time  to  time. 
Assistant  Engineer  Ture  Lowegren  died  on  March  17,  of  swamp  fever. 
The  part3'  was  disbande<l  on  the  20th. 


1« 

12 

1 

651 

55 
S97 
136 

58.2 

30 

10 

15 
19 

58 

61 

5 
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Li$t  of  barges f  pil^^hriverSf  tow^oaU,  ^c,  etmBUtuiing  the  fhating  propertg  helcnging  to 

Lake  Providence  Beach, 


ClMsifioation. 

Kamber. 

Dimensioiis. 

B«marks. 

ToW'boata 

4 

Fe$L    . 

Two  Willi  lOiMmxl  BItw 

110  by  80 
80  by  18 

180  by  80 
200  by  80 
149  by  49 

100  by  25 

180  by  25 
100  by  80 
185  by  80 
100  by  25 
80  by  20 
70  by  18 

100  by  20 
211  by  85 

211  by  25 

188by60 
87  by  18 
27  by  8 

100  by  24 

100  by  25 

47  by  12 

100  by  25 

180  by  28 

CommiaaioiL 

Orftders , 

2 

1 

• 

Grader 

Rmall. 

• 

8 

lf*ttrefttt>boat 

4 
2 

1 

Do 

Do 

Old. 

• 

7 

4 

Qaart4^r  boata 

10 
1 
1 
2 

2 

1 

^    Do .:::.;.:.....:::.. 

Do 

• 

Do 

Do 

17 

1 

1 

Old. 

Do 

New. 

2 

Carpenter-shop  boat 

1 

Dock 

1 
1 

1 

Do 

Do 

« 

8 

Wharf-boat 

1 

1 

1 

88 

Pamp-boat 

8t«ain. 

Barges,  lieoked 

Do 

2 
5 

1 
1 
7 

1 
10 

Do 

75  by  15 
08  by  15 

Do 

Do 

80  by  14 

182  by  24 
140  by  28 

70  by  20 
82  by  20 

Do 

Do 

Do. 

58 

12 

4 

Do J 

\ 

18 

Catamaran 

1 

25by  7 
42  by  12 

Calking  flats 

8 
2 

10 

Skirt-    

Coai-l>ai-';cs,  t>pen 

Coal-barges,  .decked . 
Coal-boats..'. 


Total  namber  pieces 


^9 

4 

12 
2 


211 


11*0  liv  I'O 
Jzuby28 
180  by  28 


Old. 


Do. 
Bo. 
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Below  is  given  the  amoant  expended  for  labor  and  sabsistenoe : 


Claasiflcation. 


Pay-TolL 


Dike  party 

Bank  revetment  party 

Survey  party 

Tow-boats 

Care  of  fleet 

Rock  party,  Arkansas  City 


$7. 154  19 

4,716  82 

6,808  82 

11,455  31 

21.225  28 

6.687  89 


Services  of  the  United  States  steamer  Yidalia  at  Delta  Point,  €o  be 
deducted  firom  the  above 


67,027  79 
196  63 


Sub- 
•iatenoe. 


$2,202  15 
1,527  47 
611  26 
1,868  91 
8,821  60 
1,494  00 


11.520  89 
49  00 


I- 


Total 


$9.356  84 

6,244  21 

6,419M 

18,819  21 

25,046  81 

8.16181 

68.548  11 

2458 

68.S02S 


The  maximum  number  of  men  employed  in  anyone  month  was  467 ;  the  minimam,  45. 


AVERAGE  COST  OF  SUBSISTENCE. 


Cost  of  raw  material,  each  ration $0,280 

Cost  of  each  ration  served 0.379 

Cost  of  each  ration  served  for  each  day's  labor  secured 0.435 

WORK  DONE. 

Grading onbic  yards..  6,675 

Wattling  built,  IG,  168  linear  feet sqaares..  2,880.5 

Woven  mat  built,  2,190  linear  feet do....  8,190 

Woven  mat,  sunk,  2,190  linearfeet do 2,190 

Grillage  built,  1,467  linearfeet do 621 

Grillage  sunk,  1,467  linearfeet do 631 

Revetment  built,  1,750  linear  feet do....  1,079.17 

Revetment  rocked,  1,8:35  linear  feet 1 do 1,119.31 

Dike  driven linearfeet..  1,743 

Piles  driven nnnoiber..  655 

Braces  put  on do....  435 

Stringers  put  on do....  237 

Rock  loaded cabio  yards..  17,836.1 

MATERIAL  EXPENDED. 

Piles » number..        668 

Braces do....        425 

Stringers do 237 

Poles cords..        215.9 

Brush do....     4,270.6 

Iron  and  spikes pounds..  28,661 

Lumber .feet..  47,675 

Oakum pounds..     1,060 

Stone cubic  yards..    2,057.1 

Coal biuhels..  74,517 

Wire pounds..  18,810 

In  compliance  with  instructions  received  on  December  31,  1884,  all  oonstmetiOB 
work  was  susponde<l  except  the  loading  of  stone  by  the  force  at  Arkansas  City  for  as- 
curing  the  unfinished  revetment  at  Pilcber^s  Point,  the  men  discharged,  and  theflest 
laid  up  at  Wilson's  Point,  only  sufficient  men  being  retained  to  care  ror  the  propertj. 
The  force  at  Arkansas  City  was  disbanded  on  January  20,  1885. 
Very  respectfully, 

Abthub  Hideb, 
AsBiitant  Engimmr  in  SMfyv* 

Capt.  Clinton  B.  Sears, 

Corps  of  Engineer 8 J  U.  S.  A 
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Appendix  K. 

RKPORT  OP   MAJOR  AMOS  STICKXBY,    CORPS   OF  EJ^GINKERS,  UPON  OPERATIONS  IN  VhB 

fourth  district. 

United  States  Engineer  Office, 

New  Orleans f  La.,  June  17,  1885. 

Sir:  In  compliance  with  your  reniiest  I  have  the  honor  to  Hubmit  the  following  re- 
pnort  of  operations  in  the  Fourth  District  of  the  Mississippi  River,  to  include  the 
time  from  last  annual  report,  October  1, 18^4,  to  June  30, 1885.  The  works  in  this  dis- 
trict are  as  follows,  viz  : 

Construction  and  repair  of  levees. 

Improvement  of  Mississippi  River  at  Natchez  and  Vidalia,  Miss,  and  La. 

Improvement  of  mouth  of  Red  River  and  rectification  of  the  Red  and  Atchafalaya 
at  mouth  of  Red  River. 

Improvement  of  the  harbor  at  New  Orleans,  La. 

Snrvej'  of  Cubitus  Gap  and  vicinity. 

levees. 

On  the  27th  of  September,  1884,  proposals  were  received  for  work  on  levees  and  the 
following  were  accepted  : 


Lnc'Ality.  Names  of  bidders. 


Point  Ploa»ant  Levee. 


Number 
of  yards. 


22,000 


James  M.  Searles  

8hipp*H  Bayon  to  Hard  TimesLevee Dabney  &  Gray -.1  38,000 

Bondarant  Lfvce  W.  O.  Fl.vnn !  35,000 

Kempe  Crevasse  Levee HuebeH  6c  McGinty 2S,000 

Lake  Conconlia  Lwee Dabney  &  Gray  ..* 31,000 

Hardscrabbie  Levee Tbomas  O'Malley  75,000 


Price  per 
yara. 


17| 
25 
17 
17 


^ 


Contracts  were  made  as  soon  as  possible,  and  by  October  10  nearly  all  the  parties 
were  at  work.  Searles  having  failed  to  make  contract  under  the  conditions  imposed, 
Hughes  «fe  McGinty,  the  next  lowest  bidder,  took  the  work  at  18f  cents  per  yard. 
With  the  experience  of  past  years  to  ^uide  us,  it  was  considered  essential  to  make 
more  rigid  contracts  and  specifications  in  order  that  more  perfect  control  of  the  work 
might  V)e  had,  especially  with  regard  to  the  number  of  men  employed  on  each  levee. 
With  this  in  view  each  contract  contained  a  clause  specifying  the  number  of  men  that 
should  be  engaged  in  the  actual  work  of  levee  building,  exclusive  of  the  auxiliary 
force  necessary  for  the  work  in  camp,  and  in  order  to  enforce  this  clause  a  provision 
was  made  by  which  men  could  be  placed  on  the  work  at  the  contractor's  expense. 
These  new  forms  of  contract  and  specifications  proved  to  be  most  excellent  in  keeping 
the  contractors  up  to  the  work  In  only  one  case  was  it  necessary  to  put  men  on  at 
the  contractor's  expense,  and  that  only  for  a  few  days.  At  Kempe  Levee  work  was  con- 
tinued and  finished  by  hired  labor.  Late  in  the  season,  December  19,  1884,  an  allot- 
ment of  $^,710  was  made  by  the  Commission  for  completing  Evergreen  Levee.  This 
work  was  commenced  by  the  authorities  of  Tensas  Parish,  but  proved  to  be  too  ex- 
tensive for  the  means  at  their  disposal.  A  contract  was  made  with  Dabney  Sl  Gray, 
at  ''i'Z\  cents  per  yard,  for  doing  this  work,  which  they  completed  March  2.  All  of  the 
levee  work  which  was  undertaken  this  year  was  completed  in  good  season,  with  theez- 
ception  of  a  portion  of  the  levee  at  Hard  Times,  which  continued  to  sink  as  it  was 
bnilt  up,  and  is  only  just  finished.  A  short  stretch  of  the  Kempe  Levee  has  also  sunk 
so  as  to  be  in  a  dangerous  condition  in  case  of  a  high  flood.  Exhaustion  of  funds 
prevents  any  work  being  done  at  present,  and  there  is  no  likelihood  of  danger  until 
next  spring,  before  which  time  funds  may  be  available  for  placing  the  bank  in  good 
condition.  Considerable  repair  work  has  been  done  on  the  levee  bnilt  by  the  Gov- 
ernment below  Red  River. 

This  work  being  scattered  over  a  considerable  line,  and  consisting  mostly  of 
strengthening  weak  places  and  general  patching,  was  done  by  hired  labor,  it  being 
difficult  to  specify  it  and  get  reasonable  bids  from  contractors. 

In  connection  with  the  building  of  Kempe  Levee,  a  survey  was  made  to  determine 
the  practicability  of  constructing  another  line  in  front  of  the  Ikkes  in  case  the  present 
levee  should  cave  into  the  river,  and  for  the  purpose  of  estimating  the  cost  of  pro- 
tecting the  banks.    This  bend  is  rapidly  deepening  by  the  caving  of  the  bank. 
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D^irinjr  tb«  yoar  about  0  miles  of  \evvo  have  been  built,  clo8in;i^  forty  ^aps,  ami  re- 
quiring; soniethiiifijover  ;UH),l>00  yards  of  enibaukiiieut.  The  liuoof  It^vees  in  the  Fourth 
District  is  now  in  ))retty  fair  condition,  with  the  exception  of  a  deticiency  in  height. 
The  only  f5ai)S  are: 

Fwt 

Diamond  Bend  to  New  Cartha»;e 'i^,  000 

Boujrcre  Crevasse *2'A^  4lH) 

Black  Hawk  to  Red  River IH^tXH) 

Morjranza 6,  (KM) 

On  January  4,  1KS5,  the  store-house  at  Hardscrabble  Levee,  containing  the  Tools  and 
outtir  usimI  on  tluit  levee,  was  destroyed  by  fire  with  a  eonHi<lerable  quantity  of  the 
contents.  The  cavin^j  bank  at  KemiM*  Levee  tliivatened  to  fall  int^  the  river  with 
the  i)roperty  stored  at  that  point.  Authority  was,  tlierefoi*e,  otiked  and  received  to 
construct  a  store-house  on  the  hi«;h  ground  in  (Siles  Bend  just  above  Natchez,  which 
was  under  rental  in  (touncction  with  the  innuovement  in  that  vicinity.  The  stoiv- 
housr  was  constructed,  and  all  ]»roi)eny  pertaining  to  thelevee8carefnl!y  storeil  under 
the  charjxe  of  watchmen,  wln>  also  have  the  <'an»  of  the  Red  River  and  Natchez  i»roi»- 
erty.  For  details  of  levt^e  work  reference  is  made  to  the  rejmrt  of  Assistant  Engineer 
H.  S.  l)<m«;Ias,  ai>pended. 

SUltVKY   OF   KEMTK   liENl). 

• 

The  survey  of  Kem])t»  Bend,  in  Tensas  I^arish,  Louisiana,  called  for  by  the  reHoIu 
tion  (»f  tht^  (Commission  of  May  I'J,  1S"'4,  was  coni]tleted  during  the  fall  anil  winter 
The  object  of  this  survey  was  to  ascertain  ajiproxinintely  a  line  upon  which  a  new 
levee  could  be  built  and  the  cost  of  pn>tecting  the  caving  bank,  and  was  instigated 
by  a  petiti<»u  from  tlie  police  jury  of  Tensas  Parish,  win*  were  alarmed  at  the  rapid 
caviu«i  of  the  river  bank  and  ihe  i>ossibility  that  a  new  line  of  levee  would  soi>n  be 
required,  and  that  it  w(Mihl  not  be  practicable  to  construct  a  new  line  without  falling 
back  of  Lakt;  Saint  Peter.  The  survey  shows  that  a  line  can  be  constructed  iufroDt 
of  the  lake,  with  a  fair  location.  A  comparison  of  the  line  of  the  river  hank  with 
the  lines  of  other  years  back  to  l.*^t)(),  shows  a  very  serious  caving,  about  5,500  feet, 
and  increasing  in  rapidity.  A  little  stuily  of  the  map  presents  some  startling  lignres. 
Here  in  one  sliort  reach  of  the  river  less  than  (>  miles  in  length  7(i,00(),000  s<iuare  feel 
of  earth,  with  an  average  depth  (»f,  say,  KM)  feet,  nniking  7,<)00,000,000  cubic  feet  of 
earth,  hav*;  been  moved  by  the  river  in  nineteen  years;  an  average  of  400,000,000  cubic 
feet  j>er  year,  'i'ln?  prevention  of  this  cavin«j,  by  works  of  bank  jutitection,  would 
permit  a  vast  amount  of  energy  to  be  a])pli(?d  to  the  nniintenance  and  deepening  of 
the  chauuel,  and  an  ultimate  lowering  of  the  water  surface,  which  would,  in  niv  opin- 
ion, if  cxt<'nsively  carried  out  in  c«)nnection  with  works  for  C(mtracting  the  channel 
at  a  few  points,  solve  all  the  questions  of  improvement  of  navigation  and  preveution 
of  overllow,  rendering  levees  abuost  unnecessary  above  the  month  of  Reil  River,  in  • 
com|iaratively  short  s])aee  of  time.  An  insi)ection  of  the  above  figures  should  con- 
vince the  most  ske]ttical  that  bank  )irotection  is  the>  great  necessity  m  the  work  of 
inqu'oviug  the  river. 

TlM'c«»st  of  protecting  the  bank  in  this  bend  with  a  system  of  submerged  spurs  is  com- 
put('d  at  S2.">(),(»(M>.  There  are  Air>,(K>(.»  feet  reciuiring  proteciion,  and  it  is  est injut4*<l that 
spurs  at  a  cost  of  >>  10,000  each,  ]daced  at  intervals  av4>raging  1,000  feet  iu  length,  will 
be  siiHieient  for  the  ]>ur])ose.  If  the  mattress  system  is  a<lopted,  the  cost,  at  918  \ieT 
font,  would  be  s4.~iO,(MM).  The  cost  of  a  new  levee  aroun<l  Kenipo  Bend  is  estimated 
at  about  SllH).r>00.  and  at  present  rate  of  caving  would  have  to  be  built  in  about  two 
or  three  yea  IS,  sonu'  of  it  sooner.  As  the  protection  of  the  bank  at  this  jMiint  would 
not  only  save  the  cost  of  tlu>  new  levee,  but  also  be  a  ]mrt  and  parcel  of  the  work  of 
river  inquovemcnt,  I  would  strongly  reeonnuend  that  the  work  be  couimenced  as  soon 
as  ]U'acticable. 

The  report  of  Assistant  Engineer  H.  S.  Douglas  on  the  survey  is  appended. 

IMIMtoVKMKNT   OF   MlSSISSIPri   RIVER   AT  NATCHEZ   AND  VIDALIA. 

Ni»  work  hasbren  done  iu  this  vicinity,  owing  to  the  lack  of  funds.  The  methodof 
improvement  ]-e(>onnueiided  in  ]>revious  reports  to  the  (lonnnission  contemplates  the 
]u-oteetion  of  the  l':i\  iiig  banks  by  means  of  subilierged  sloping  spurs  placed  at  inter* 
vals  to  be  deteimiui^l  as  the  work  progresses,  but  assumed  for  estimate  of  cost  at 
1,(100  feet. 

The  estimate  of  cost  is  >(;t;u,000. 

To  Yircveut  the  ilow  of  tlood  water  across  the  neck  of  land  between  Giles  and  Cow- 
pen  bends,  it  is  pntposed  to  const ru<'t  a  levee  at  an  estimated  cost  of  ^100,000. 

This  makes  the  total  estimate  >7(H),oou.  if  it  became  necessar^'to  protect  thecBT- 
ing  banks  by  mattress  work  the  cost  for  this  item  would  approximate  $1,040,000. 
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IMPROVSMENT    OF     MOUTH    OF    RED    BIVKR    AND    RRCTIFICATION    OF  THE    RED  AMD 

ATCHAFALAYA  AT  MOUTH  OF  RED  RIVER. 

At  date  of  last  annual  report,  October  1,  1884,  the  plant  was  at  work  in  Old  River 
keeping  a  navigable  channel  between  the  Mississippi  and  the  Atchafalaya. 

On  October  1,  the  Mississippi  reaohe<i  its  lowest  stage  at  Red  Hi ver  Landing,  being 
6.3  feet  on  the  gauge,  aud  ou  October  3,  began  to  rise.  The  channel  was  oon- 
otantly  maintained  by  hard  work  and  various  devices.  The  soonriog  by  the  use  of 
the  propellers  of  tugs  lashed  to  a  ^teamboat  was  not  succoKiftil,  except  at  a  point 
near  the  Atchafalaya  where  a  comparatively  short  bar  existed,  with  deep  water  Jnst 
beyond  it.  It  became  necessary  to  construct  temporary  spur^dikes  of  willow  brash' 
along  one  reach,  and  to  drag  a  scraper  hanging  from  the  bow  of  a  stern-wheel  steamer 
at  other  places.  The  temporary  spurs,  1  l^lieve,  offer  the  best  method  of  keeping  the 
channel  open  during  a  season  at  tne  least  cost,  if  placed  in  time  to  take  advantage 
of  the  current.  They  should  be  assisted  bva  stern-whe^l  steamer  with  a  scraper. 
On  October  8  operations  were  suspended,  and  on  the  10th  the  tugs  were  passed  through 
Old  River  with  considerable  difficulty,  the  surface  slope  of  the  water  being  7.5  feet 
in  G  miles.  The  water  did  not  reach  as  low  a  stage  at  Barber's  Landing  as  it  did  in 
the  previous  year,  and  there  was  less  sloughing  of  the  banks.  The  channel  remained 
in  good  condition  till  about  November  27,  when  the  Mississippi  had  again  fallen  to 
7.65  at  Red  River  Landing.  Being  apprehensive  of  further  trouble  I  dispatched  the 
steamer  Annie  Kelloy,  belonging  to  the  New  Orleans  Harbor  work,  to  resume  opera- 
tions with  the  drag  scraper.  She  worked  from  November  30,  to  December  8^  when  the 
rising  river  made  it  unnecessary  to  continue  longer. 

No  work  has  yet  been  done  in  this  vicinity  for  a  permanent  amelioration  of  the  dif- 
ficulties of  navigation  which  recur  almost  annually,  and  to  prevent  a  further  enlarge- 
ment of  the  Atchafalaya. 

The  estimates  of  cost  of  the  work  proposed  by  me  in  my  report  of  December  15, 
188:{,  which  wer«  puhlishe<i  in  the  last  annual  report  of  the  Commission,  were  so  dis- 
torted by  mistakes  in  making  extracts  and  by  printers'  errors,  that  I  consider  it  proper 
to  restate  them  here,  as  follows,  viz :' 

Atchafalaya  River  work |576, 150 

Upper  Old  River  work 488,130 

Lower  Old  River  work 48,000 

1,062,280 
Add  10  per  cent,  for  contingencies 10(},228 

Total 1,168,508 

For  temporary  work  in  Lower  Old  River  to  keep  a  channel  while  perma- 
nent work  is  progressing,  and  part  of  which  would  be  utilized  in  the 
above  item  for  Lower  Old  River 75, 100 

Add  10  per  cent,  for  contingencies 7, 510 

82,610 

The  entire  cost  would  then  be 1,251,118 

And  not  $2,151,660  as  it  appeared  in  the  report'  of  the  Commission. 

A  plan  for  the  work  in  this  vicinity  was  prepared  by  the  Commission  and  published 
in  their  last  annual  report,  but  no  instructions  in  reference  thereto  have  been  received 
by  me. 

For  details  of  the  work  performed  at  the  mouth  of  Red  River,  reference  is  made  to 
the  report  of  AHisistaut  Kugineer  A.  O.  Wilson,  appended. 

PLAQUElilNE  ROUTE. 

The  estimates  for  opening  h  navigation  route  to  the  Atchafalaya  and  Red  rivers  by 
wa.\  of  Bayou  Placiueniine  having  been  presented  to  the  Commission  December  17, 
iHS'Ay  the  ina])8  were  worked  upon  only  at  such  times  as  assistants  cou^d  be  spared 
from  other  more,  pressing  work,  the  assistant  in  charge  of  the  survey  having  died  in 
the  field.  Copies  of  the  maps  were  forwanled  to  the  secretary  of  the  Commission 
March  t>,  lHHr>. 

There  is  no  question  of  the  feasibility  of  establishing  this  route  as  markeil^on  the 
map.  The  loeatiou  and  drawings  of  locks,  and  location  of  excavation \vork/as  pre- 
sented on  the  maps,  were  made  for  the  purpose  of  estimating  cost  only.  The  inaugu- 
ration of  any  work  would,  of  course,  necessitate  further  study  and  probable  changes. 

The  report  of  Assistant  Engineer  A.  O.  Wilson,  relating  to  the  maps,  plans,  &e,,  is 
appended. 
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IMPROVEMENT  OF  HARBOR  AT  NEW  ORLEANS,  LOUISIANA. 

At  tlie  (late  of  last  aiunial  report,  October  1,  1884,  work  was  in  progress  in  thit 
part  of  the  harbor  designated  as  Gouldsboro'  Bend.  The  construction  of  the  fint 
sabmcrged  spnr  had  been  commenced.  The  work  continued  until  November  2Af  whea 
it  became  necessary  to  suspend  operations  on  account  of  the  exhaustion  of  funds. 
Two  s))nrs  were  completed  and  one  spur  about  half  built.  Nearly  all  the  stone  for 
ballast,  iron  rods  for  mattress  and  crib  work,  aid  other  material,  except  brush,  sr 
on  hand  for  the  completion  of  the  six  spurs  which  are  to  form  the  protection  for  thb 
bend.  It  was  originally  intended  to  build  the  spurs  so  as  to  project  horizontally  50 
feet  out  into  the  river  at  low-water  Hurface,  but  the  new  survey  of  the  bend  devel- 
oped the  fact  that  so  constructed  the  spurs  would  be  higher  than  was  considend 
advisable  in  the  experimental  beginning  of  the  work ;  the  slope  of  the  spurii  wai 
therefore  started  immediately  from  the  low-water  shore-line.  They  can  be  carried 
out  into  the  river  hereafter  if  it  sb4>iild  be  deemed  advisable. 

The  effect  of  this  work  cannot  be  noted  until  the  falling  of  the  river  diminishes  the 
current  sufficiently  to  permit  accurate  soundings  to  be  taken  in  depths  of  100  feet. 
The  direction  and  velocity  of  the  current  have  been  favorably  affected  by  the  span, 
and,  as  far  as  can  be  noted,  the  structures  have  suffered  no  damage.  The  cost  of  thii 
work  has  been  about  $r2,50()  for  each  spur  as  completed.  This  can  and  will  be  veiy 
considerably  reduced  in  future  work,  as  perhaps  as  much  as  one-quarter  of  the  cost 
has  been  for  experience  in  learning  how  to  construct  and  sirk  the  mattresses  and  cribs 
exactly  in  place  in  depths  which  at  some  points  reach  over  100  feet.  The  revised  esti- 
mated additional  amount  needed  for  completion  of  work  in  New  Orleans  Harbor  is  ss 
follows : 

Carrollton  Bend  (mattress project) $158,800 

Gouldsboro'  Bend  (completion) 35,000 

Gretna  Bend 64,900 

Bend  above  Gretna  to  a  point  nearly  opposite  the  city  park,  right  bank.. .  396,600 

Total • 654,400 

For  details  of  the  work  reference  is  made  to  the  report  of  Assistant  Engineer  W.  G. 
Price,  appended,  and  plates. 

SURVEY  OF  CIJBITT'S  GAP  AND  VICINITY. 

The  Nurvey  of  Cubitt's  Ga)>,  for  which  an  allotment  was  made,  was  attempted  la 
January,  IHK).  Owing  to  the  dense  and  continuous  fogs,  the  party  accomplished 
scarcely  any  work,  and  wan  withdrawn  to  await  a  better  opportunity.  The  cost  of 
the  party  consumed  nearly  half  of  the  allotment  and  application  was  made  for  ao  ad- 
ditional sum.    This  not  having  been  granted  as  yet,  t>he  survey  cannot  be  resamed. 

A  survey  of  the  Missis8i])pi  River  in  the  vicinity  of  the  gap  was  made  by  tbepsrty 
stationed  at  South  Pass  under  the  direction  and  by  the  kindness  of  Mi^.  W.  H.  Hener, 
Corps  of  Engineers,  U.  S.  A.,  a  platting  of  which  will  be  incorporated  in  the  msp 
of  the  Hurvey. 

Very  respectfully,  your  obedient  servant, 

Amos  Sticknbt, 
Major  of  Engituer§,  U,  8,  A, 

Col.  Q.    A.   GiLLMORE, 

Corps  of  EngimerSj  l\  S.  J.,  Preaidetit  MisaiuMppi  River  CommitHom, 


Cotuftruction  and  repair  of  levees,  Fourth  District,    Improving  Mi98i$9ippi  JUtper^  mc  Unit 

ATCllAFALAYA    FRONT. 

Act  of  Congress,  passed  August  2,  1^*82,  for  improving  Mississippi  River, 
no  limit: 

November  23,  18H2,  allotted $110,000  00 

Expended  to  June  30,  lHf^3 97,585  4S 

Balance  on  handJulv  1,  188:j 12,474  58 

Expended  to  June  30,  1884 12,474  » 
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A.ot  of  CoDgress  approved  Jannary  19,  1884,  for  improving  Mississippi 
River,  no  limit: 

March  25,  1884,  allotted $5,000  00 

Expended  to  June  30,  1884 5,000  00 

March  28,  1884,  allotted 4,000  00 

Expended  to  June  30,  1884 4,000  00 

April  1,  1884,  allotted 15,000  00 

Expended  to  June  30,  1894 4,602  73 

Balance  on  hand  July  1,  1884 10,397  27 

Expended  to  June  30,  1885 9,901  20 

Balance  on  hand  July  1,  1885 496  07 

April  12,  1884,  allotted $12,000  00 

March  3,  1885,  transfer  to  Tensas  front 3,000  00 

Expended  to  June  30,  1885 0  00 


• 


Balance  on  hand  July  1,  1885 9,000  00 

Total  balance  on  hand  July  1,  1885 9,496,07 

TENSAS  FRONT. 

Ikct  of  Congress  passed  August  2, 1882,  for  improving  Mississippi  River, 
no  limit : 

November  2;},  1882,  allotted $426,160  00 

Expended  to  June  30,  1883 228,520  31 

Balance  on  hand  July  1,  1883 197,639  69 

Expended  to  June  30,  1884 197,637  94 

Balance  on  hand  July  1,  1884 1  75 

Expended  to  June  30*  ISSo 1  75 

A.ct  of  Conj^esa  approved  January  19,  1884,  for  improving  Mississippi 
River,  no  limit : 

February  27,  1884,  allotted 5,000  00 

Expended  to  June  30,  1884 5,000  00 

March  24, 18^4,  allotted 10,000  00 

Expended  to  June  30,  1884 10,000  00 

March  28,  1884,  allotted 6,000  00 

Expended  to  June  30,  1884 141  12 

Balance  on  hand  July  1,  1884 5,858  88 

Expended  to  June  30,  18a5 5,858  88 

ict  of  Congress  approved  July  5,  1884,  for  improving  Mississippi  River, 
no  limit : 

August  5,  1884,  allotment 90,000  00 

Expended  to  June  30,  1885 89,388  24 

Balance  on  hand  July  1,  1885 611  76 

December  19,  1884,  allotted 8,710  00 

Expended  to  June  30,  1885 8,710  00 

March  3,  1885,  allotted  transfer  from  At<;hafalaya  front 3, 000  00 

Expended  to  June  30,  1885 3,000  00 

Total  balance  on  hand  July  1,  1885 611  76 

SURVEY   UNLEVEED  FRONTS,   FOURTH  DISTRICT. 

llovember  20,  1882,  allotment  from  appropriation  for  improving  Mis- 
sissippi River,  no  limit;  for  survey  unleveed  fronts.  Fourth  D'««trict: 

Act  passed  August  2,  1882 $1,000  00 

Expended  to  June  30,  1884 902  12 


Balance  on  hand  July  1,  1884 
Expended  to  June  30,  1885  . . . 


*  i 
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IMPROVING  MISSISSIPPI    KIVER  AT  NATCHEZ  AND    VIDAUA,  MISSISSIPPI  AND   LOUIS- 
IANA. 

Aggregate  expeudi tares  on  work  before  it  was  placed  under  the  Commis 

sion ^1,74796 

Balance  on  hand  July  1,  1882 8,25^04 

Disburseuiontn  since  work  was  placed  under  the  Commission: 

Expended  to  June  :iU,  1883    2,343  37 

Balance  on  hand  July  1,  1883 ft,  90?  fi7 

Expended  to  June  30,  1884 1,847  i& 

Balance  on  hand  July  1,  1884 4,(»61  42 

Expended  to  June  30,  18:^5 2,4:tt  47 

Balance  on  hand  July  1,  1885 l,(is»95 

^  MOUTH  OF  RED  RIVER,  LA. 

IMPROVING  MOUTH    OF   RKD  RIVER,   LOUISIANA. 

Aggregate  exponditurcH  on  work  before  it  was  placed  under  the  Commis- 
sion       $99,1^7  60 

Balance  on  hand  July  1,  1882 90,812  40 

DisbursenientH  sinue  work  was  placed  under  the  Conimissiou: 

Expended  to  June  .30,  1883 37,663  73 

Balance  on  hand  Julv  1,  1883 53,148  67 

Expended  to  June  30,  1-84 34,844  96 

Bahmceon  hand  Julv  1,  1884 18,303  69 

Expended  to  June  30,  1885 18,303  69 

MOUTH  OF  RED  RIVER,  LA. 

IMPUOVING  MISSISSIPPI  KIVEU,   NO  LIMIT. 

August  5,  1H84,  allotment  iVoui  ap])ropriation  for  improving  Mississippi 
River,  no  limit,  for  improving  mouth  of  Re<l  River,  Louisiana: 

Act  approved  July  .'i,  1^84 912,290  00 

March  3,  iH^f),  transfer  to  harbor  at  New  Orleans $900  00 

Expended  to  June  30,  188:>    7,573  92 

8,473  98 

Balaneeon  hand  July  1,  18K) 3,816  06 

BONNET  CARKi^:   CREVASSE. 

November  It),  1^^82,  allotment  from  appnipriation   for  improving   Mis- 
sissippi River,  no  limit;  for  closing  Bonnet  Carre  Crevasse: 

Act  passtMl  Auj^'ust 'i,  iSrJ $15,000  00 

IVbruary  'J*J,  l"*KJ,  4'xpt'n(I»'d  in  one  payment U), 000  00 

IMPROVING   HARBOR  AT  NEW   ORLEANS,    LOUISIANA. 

Aiij^n'^^atc  4*xiMiHlitur('s  on  work  befon?  it  was])laced  un<ler  the  Commis- 
sioM $112,20619 

Hnl-iiKT  im  liaiHl  July  1,  l.-8'2 147,79:J81 

Disburs»'iii»nt'*  >h\cv  work  was  }>Ia(-('d  under  tin'  ('ommJHsion: 

i:\prmliMl  to  Jim.'  :n>,  1-x; • 5,167  53 

lialaiM-r  on  liainl  .liilv  1.  l--*;> 142,026  H 

i:\p.-T. <lr(l  in  Juiir  :;«',  1—1 55,163  82 

r.alaiMf  <»ii  liaml  .Inly  1.  I^-I 87,46S{  46 

I:\|).-im1»mI  tc  .liiiH'  :;i»,  1—:. $87,00(i  35 

( 'ovt  ltd  iiiTn  Tvi-aMiiv l!£i  42 

87,129  77 

lialanct'  nn  Iwiul  .Julv  I.  1 '•""•'> 332  © 
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Act  of  Congi^ess  approved  July  5, 1884,  for  improving  MiMiwippi  Bim, 
no  limit : 
Febmary  27, 1885,  transfer  of  allotment  for  Bed  River  to  New  Orleans 

Harbor |900  00 

Expended  to  June  30,  1885 636  18 

Balance  on  hand  Jnly  1,  1885.* |863  88 

Total  balance  on  hand  Jnly  1,  1885 596  57 

I 

OBSKRVATIONe  AT  CARROLLTON,  liOUIBIANA. 

November  19,  1882,  allotment  from  appropriation  for  improving  Missis- 
aippi  River,  no  limit ;  for  observations  at  CarroUton,  La. : 

Act  passed  August  2,  1882 ,..      |3,000  00 

Expended  to  Jnne  30,  1883 2,744  26 

Balance  ou  hand  Jnly  1,  1883 255  74 

Expended  to  June  30, 1884 255  74 

June  25^  1883,  allotment  from  appropriation  for  the  Mississippi  Biver 
Commission  : 

Act  approved  March  3,  1883,  for  observations  at  Carrollton,  La 1,500  00 

Expended  to  June  30,  1883 491  00 

Balance  on  hand  July  1,  1883 1,009  00 

Expended  to  June  30, 1884 963  11 

Balance  on  hand  Jnly  1,  1884 45  89 

Expended  to  June  30,  1885 45  89 

CUBITT*8  GAP  AND  VICINITT. 

September  17,  1882,  allotment  from  approi>riation  for  improving  Mis- 
sissippi River,  no  limit;  for  survey  of  Cubitt's  Gap  and  vicinity : 

Act  passed  August  2,  1882 300  00 

Expended  to  June  30,  1883 187  14 

Balance  on  hand  July  1,  1884 162  86 

Balance  on  hand  July  1,  1885 162  86 


Approximate  value  of  plant  belonffing  to  ike  United  States  and  need  npon  the  conetrMotian 

and  repair  of  leveee.  Fourth  Dietriot, 


ClsM  of  property. 


TooU  and  Appliances ... 

Office  famiture 

Barreving  instniments. 
liiscellaneous 


>«^« 


Total  yalae 


Appnnd- 
kMTaliie 

June  80, 
1885. 


H^  000  SO 

400  00 

00  le 

1,1«I7 


n 


Approximate  value  of  plant  belonging  to  the  United  States  and  used  npon  the  huprwemmt 

of  harbors  ofNaieheM  and  VidaUa, 


Claaa  of  property. 


Tools  and  appliances . 

Office  fumitare 

liiscellaneous 


Total  valae 


Approzl- 

mateTslos 

June  80, 

1885. 


1250  00 

15  00 

650 


7150 


187  ENG 
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Approximate  value  of  plant  belonging  to  the  United  States  and  uMd  %pan  Ike  improremnt 

of  mouth  of  Bed  River. 


Class  of  property. 


Approzi- 

JiUM  M. 
1885. 


Steam-launch  Ruby ;  $3,500  N 

Two  quarter-boatH 8,245  41 

Six  skiffs  and  row-boats,  &« IK  00 

Tools  and  appliances -...  55  00 

Office  furniture *. 115  00 

Snrreviu^  instruments. 970  75 

Miscellaneous 491  00 

Total  value...  8^518  » 


Approximate  ralu^  of  plant  belonging  to  the  United  States  and  need  upon  Ike  impravemeKt 

of  New  Orleans  Harbor, 


Class  of  property. 


Avpmd* 
niMaivlM 
r  JuneU, 


Steamer  General  Newton . 

Steam-tug  Tilda 

Steam-launch  Alaska 

Fifteen  barges 

One  skiff,  row-boat,  &c. . . 

Tools  and  appliances 

Office  furniture 

Surveying  inHtrunients . . . 
Miscellaneous 

Total  value 


$19,810  00 

4.500  00 

9,700  00 

28^700  00 


II  U 


45^8Mn 


Approximate  value  of  plant  belonging  to  the  United  States  and  used  upon  ike  ntrrey  o/«9- 

leveed  fronts,  Fourth  District, 


Apfmntl* 


Class  of  property. 


Tools  and  appliances 
Miscellaneous 

Total  valne  . . . 


JuasUt 
188S. 


Approximate  value  of  plant  belonging  to  the  United  States  and  used  upon  ike 

at  Carrollton,  La, 


Class  of  property. 


Tools  and  appliances 
Office  furniture 

Total  value 


ivtlao 

JIIM8I, 


m% 


Approximate  value  of  plant  belonging  to  the  United  States  and  used  upon  the 
vey  of  Ciibitt's  Gap  and  vicinity,  Juno  30,  1885:  No  property. 
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K  1. 

report  of  assistant  engineer  ii.  8.  douglas  upon  construction  and  repailt  of 

lkvees  in  the  fourth  district. 

United  States  Engineer  Office, 

Aeir  OrleanSf  La.,  June  16,  1885. 

Sir  :  I  have  the  lionor  to  submit  the  followiug  report  on  the  construction  and  re- 
pair of  levees  from  October  1,  1884,  to  the  close  of  the  tiscal  year  ending  June  30» 
1885: 

At  date  of  last  report  bids  for  work  on  the  followiug  levees  had  been  opened : 

Cable  yards. 

Point  Pleasant,  about 22, 000- 

Shipp's  Bayon  to  Hard  Times,  about ; 38,000 

Bondurant,  about 35,000 

Kempe  Crevasse,  about 25,000 

Lake  Concordia,  about 31,000 

Hardscrabble,  about 75, 000 

It  was  stated  that  the  amount  in  Lake  Concordia  Levee  was  liable  to  be  materially 
increased,  as  the  Hood  of  1884  had  proved  it  to  be  entirely  too  low,  and  it  was  pro- 
posed, if  povssible,  to  raise  it  about  2  feet,  with  a  corresponding  increase  of  cross-sec- 
tion. 

Awards  based  on  the  bids  received  were  duly  made  and  approved,  and  by  Octolier 
10  embaukinent  construction  was  in  progress  on  nearly  all  the  levees.  The  hard  ex- 
perience of  two  previous  years  was  brought  to  bear  upon  the  work.  New  and  better 
flpecificatious  hud  been  adopted  and  some  changes  were  made  in  the  method  of  super- 
vising levee  couKtruction. 

A  rigid  enforcement  of  the  various  contracts  soon  bronght  any  of  the  contractors 
"who  were  not  disposed  to  prosecute  the  work  with  due  diligence  to  terms,  and  the 
result  was  that  the  work  progressed  smoothly  and  with  scarcely  an  incident  worthy 
of  note,  until  the  various  levees  were  completed,  frequently  in  advance  of  the  con- 
tract time. 

The  working  season  just  past  may  be  said  to  have  been  a  good  one. 

The  supply  of  labor  was  plentiful,  and,  until  the  middle  of  December,  the  weather 
favorable.  There  was  but  little  sickness  among  those  employed,  probably  owing  to 
the  dryness  of  the  season.  The  injury  to  levees  caused  by  trafiflc  over  them  has  been 
mentioned  in  previous  reports,  and  in  order  to  prevent  this,  at  least  until  the  em- 
bankments were  thoroughly  grassed  and  settled,  barbed-wire  fences  were  built  across 
the  levees.  These  fences  extended  from  the  foot  of  the  slope  on  the  land  side  to  the 
foot  of  the  slope  pn  the  riverside,  and  were  built  at  intervals  of  about  500  feet. 

I  give  progrcHs  on  each  levee  : 

TENSAS    FRONT. 

Point  Pleasant. — The  lowest  bidder  for  this  work  failed  to  qualify,  and  ultimately 
the  contract  was  awarded  to  the  next  lowest  bidder.  This  entailed  some  delay,  and 
the  work  was  not  commenced  until  about  November  17.  It  was  then,  however,  prose- 
cnt-ed  with  vigor,  and  the  work,  consisting  of  gaps  in  the  new  levee  caused  by  the  flood 
of  1884,  completed  and  received  January  30. 

SHIPP'S   BAYOU  TO   HARD  TIMES. 

Embankment  construction  was  commenced  about  October  15,  and  all  of  the  levee 
except  the  *'  sinking  portion"  was  completed  and  received  December  31.  This  sink- 
ing portion  has  been  mentioned  in  previous  reports  as  giving  a  great  deal  of  trouble. 
It  was  hoped  that  the  sinking  had  ceased  and  a  solid  foundation  been  reached,  but 
this  hope  was  disappointed.  A  force  was  kept  at  work  on  this  sinkingpart  until  lack 
of  funds  necessitated  a  suspension  of  operations,  when  final  settlement  was  made  with 
the  contractors.  Later  on  a  transfer  of  funds  was  made  from  the  Atchafalaya  Front, 
and  arrangements  made  for  the  continuance  of  the  work,  using  wheel-scrapers  and 
teams,  as  the  earth  had  U)  be  hauled  a  long  distance.  Slow  progress  was  made  to- 
wards completion,  as  the  sinking  continued.  Finally,  on  June  20,  the  sinking  hav- 
ing apparently  ceased,  work  was  suspended.  It  is  not  improbable  next  season's  high 
water  will  cause  the  sinking  to  re-commence. 

Evergreen. — This  levee  connects  the  United  States  Hard  Times  and  Hardscrabble 
levees.  Its  construction  was  undertaken  by  the  parish  of  Tensas.  Their  funds  were 
exhausted  when  about  two-thirds  of  the  levee  had  been  built,  and  it  was  feared  that 
there  would  oc  a  gap  in  the  line  of  levees  at  this  point.    The  matter  having  been 
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brought  to  the  attention  of  the  Commirtsion,  they  made  an  additional  allotment  to  con- 
struct tliat  portion  of  the  levee  which  the  parish  was  nnable  to  bnild.  Notification  of 
this  allotmeut  was  received  December  24,  and  authority  was  given,  on  account  of  the 
latefless  of  the  seasou,  to  ask  for  informal  bids.  This  was  done,  and  the  contract 
awarded  to  the  lowest  bidder.  Embankment  construction  was  commenced  Jannaiy 
10.  An  early  rise  of  the  river  brought  it  over  the  banks  and  against  the  levee  before 
its  couipictiou,  and  a  portion  of  the  river  base  was  thrown  up  to  keep  the  water  oat. 
Rainy  weather  interfered  considerably  with  the  progress  of  the  work,  but  the  levee 
was  nnally  completed  March  2. 

IIar(hcrahhle.-^y ork  on  this  levee  by  hired  labor  had  been  in  proflnreiie  Arom  the 
annulment  of  the  original  contract  until  the  high  water  of  1884.  The  overflow  of 
that  year  having  caused  a  heavy  deposit  in  the  swamp  through  which  the  levee 
passes,  and  changed  to  some  extent  the  character  of  the  work,  it  was  thongbt  a  favor- 
able bid  could  be  obtained.  It  was  accordingly  advertised,  and  awanled  to  the  low- 
est bidder.  Embnnknient  construction  commenced  on  October  10,  with  a  very  small 
force.  Some  trouble  was  experienced  in  getting  a  proper  force  placed  n|»on  the 
levee,  and  it  was  only  when  extreme  measures  were  resorted  to  that  a  snfQcient  num- 
ber of  men  were  placed  upon  the  work.  After  this  no  further  trouble  was  experi- 
enced, and  rapid  progress  was  made  until  the  completion  of  the  levee,  December  31. 

Homlurant. — The  levee  previously  built  by  the  United  States  at  this  point  caved 
into  the  river  for  a  length  of  about  1,200  feet  on  the  subsidence  of  the  high  water  of 
\i^H\^  and  a  new  line,  or  run-around,  was  staked  out  to  close  the  ||^ap.  Work  wis 
commenced  about  October  8,  and  pushed  with  energy  until  completion  of  the  levee, 
Dt'cembev  20.  At  the  time  when  the  levee  was  located  the  point  at  which  the  lower 
wing  joined  the  existing  levee  was  1,000  feet  from  the  river  bank.  Since  the  com- 
pletion of  the  run-around  the  caving  has  been  extraonlinarijy  rapid.  On  May  U 
an  inspection  was  made,  when  it  was  ascertaine<l  that  the  point  before  mentioned 
was  but  175  feet  from  the  edge  of  the  bank,  which  was  still  caving  rapidly.  It  is 
almost  certain  that  a  portion  of  the  old  and  new  levees  will  cave  into  the  river,  and 
occasion  a  gap  in  the  line  of  levees  at  this  point. 

Kempe  Ltree. — Previous  to  the  oi)ening  oi  bids  for  work  on  the  other  levees,  prep- 
arations had  been  nmde  for  the  resumption  of  work  on  this  levee  by  hired  labor.  On 
October  1,  embankment  cimstructiim  was  commenced.  The  rather  severe  experiences 
gained  during  the  winter  of  1^:184-85  were  borne  in  mind,  and  the  result  was  an  im- 
proved system  and  organization.  Rapid  and  satisfactor3'  ]»rogre8S  was  made,  and 
this  levee,  which  had  given  so  much  trouble,  was  completed  January  10.  A  small 
force  was  kept  at  work  on  a  portion  of  the  levee  across  Potter's  Slough,  where  the 
embankment  sinks  as  at  Hard  Times.  Lack  of  funds  caused  a  suspension  of  work' 
at  this  point  on  February  11. 

Additional  work  is  required  at  this  place,  as  it  is  now  the  weakest  point  on  the 
levee. 

Kempe  Crevasse, — This  was  a  gap  in  the  finished  portion  of  the  new  Kempe  Levee 
occasioned  by  the  breaking  of  tht>  i)rotection  levee  during  the  flood.of  1884.  A  mn- 
around  was  staked  out  to  close  it,  and  work  by  contract  commenced  Gkstober  8. 
Rapid  ])rogress  was  made  and  the  levee  was  finished  November  29. 

lAike  Concordia. — This  long  line  of  levee  was  completed  by  the  United  States  in  the 
spring  of  188.3.  The  flood  of  1HH4  breached  it  at  several  places,  the  breaks  beinc 
caused  by  the  water  running  over  the  levee.  Work  by  contract  for  the  closure  m 
these  gaps  was  commenced  October  10.  The  low  bids  received  on  the  various  levees 
left  an  unexpect^edly  large  balance  of  available  funds,  and  it  was  decided  to  app^ 
them,  so  far  as  they  would  go,  to  the  enlargement  of  the  existing  levee,  it  evidently 
being  too  low.  This  was  done  accordingly,  and  all  work  at  this  levee  for  which  fandt 
were  available  was  completed  and  received  January  17. 

ATCHAFAIJVYA  FRONT. 

The  flood  of  1884  had  damaged  some  of  the  United  States  levees  on  this  ftoot  toft 
considerable  extent.  The  work  necessary  for  their  repair  was  not  of  a  character  thlt 
could  be  done  by  contract,  and  authority  was  obtainea  to  do  the  work  by  hired  labor. 
An  overseer  was  ]>laced  in  charge  of  a  small  force  and  all  of  the  necessary  repain 
made. 

At  Red  River  Landing  three  bad  sloughing  places  and  about  1,000  feet  of  the  levee 
that  had  been  badly  wave- washed  were  repaired  in  a  substantial  manner.  AttlM 
Raccourei  Levee  a  short  ])iece  of  new  embankment  was  built  to  out  off  a  bad  ersy- 
tish  hole,  and  numerous  slougljing  places  and  wave-washes  were  repaired. 

At  the  Pointe  Coup<5r  (Sc(»tt)  Levee  the  sloughing  places  were  repaired  in  athoron^ 
manner,  an<l  the  sinkin;:^  phi('(>  across  the  old  lake  was  raised.  The  result  of  the  wofk 
ha«  been  to  place  the  United  States  lerees  on  this  front  in  first-class  condition. 
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KSMPB  BBKD  SaBVXT. 

A  reaolution  of  the  CommissioD  passed  at  their  meetiDg  on  May  12  directed  that  a 
•nrrey  of  the  Kempe  Bend  be  niaae,  and  that  all  information  accessible  concerning 
previons  bank  lines  and  surveys  be  added  to  the  survey ;  also  an  estimate  of  tito 
oost  of  the  necessary  revetment.  The  sarvey  has  been  made  accordingly,  the  la* 
formation  coliected,  the  sarvey  platted,  and  the  report,  with  estimate,  snbmitted. 

There  is  little  if  any  variety  in  levee  work  under  orainary  circumstances,  and  my 
previous  reports  give  about  all  the  special  features  I  have  noticed.  The  work  18 
chiefly  of  an  administrative  character  so  far  as  the  assistant  in  general  charge  is  con- 
cerned. I  will  state,  however,  that  a  report  ffives  but  a  faint  idea  of  the  incidents, 
details,  and  responsibilities  oi  work  of  this  character.  The  flood- line  of  the  high 
water  of  1885  has  been  unusually  low,  and  the  new  levees  have  scarcely  been  put  lo 
» test.  Before  the  next  flood  can  reach  them  they  will  have  had  ample  time  to  be- 
come well  sodded  and  settled. 

All  of  the  property,  tools,  utensils,  &c.,  that  were  acquired  during  the  continuance 
of  levee  work  by  hired  labor  have  been  transferred  to  a  place  of  SMTe-keeping  at  tiie 
€k>vemment  landing  situated  on  the  left  bank  of  the  river  about  15  miles  above  Nat- 
ches,  Miss.  At  this  point  a  suitable  storehouse  has  been  built  for  the  accommodatini 
of  the  property,  which  has  been  thoroughly  overhauled,  painted,  repaired,  and  other- 
wise placed  in  as  good  condition  as  possible. 

8UMMABT  OF  WOBK. 

Actual  length  of  levees  built,  in  feet 46,34M) 

Number  of  gai>8  closed 40 

Number  of  cubic  yards  earth  placed  in  embankment  (approximate,  on  account 

of  repair  work  and  sink  at  Hard  Times,  which  ooula  not  be  measured)....  311,000 
Approximate  number  of  men  employed  per  day  when  work  was  in  progress 

on  all  levees 1,600 

This  work,  together  with  what  has  been  done  by  the  State  and  parishes,  has  resulted 
in  the  closure  ot  all  gaps  on  the  Tensas  Front  in  the  fourth  district,  except  Diamond 
Bend,  Bougere,  and  Black  Hawk,  to  Red  River.  On  the  Atchafalaya  Front  all  the 
United  States  levees  have  been  placed  in  eood  condition,  and  the  only  gap  on  thait 
firont  is  the  Moreanza  Crevasse.  In  genenQ  terms  it  may  be  stated  t£ai  the  levees 
throughout  the  oistrict  are  in  more  perfect  condition  than  they  have  be«m  at  any  time 
for  the  past  twenty  years.  It  is  gratifying  to  be  able  to  make  this  statement,  mods 
especially  as  it  is  likely  to  be  some  time  before  work  of  this  character  is  resomed  by 
the  General  Government. 

Very  respectfully,  your  obedient  servant, 

H.  S.  DOUOULflL 

Mi^.  Amos  Stickxby, 

Ccrps  of  Engineer Bf  U.S.  A, 


E  2. 

REPORT  OF  ASSISTANT  ENGINEER  H.  8.  DOUGLAS  UPON  THE  SURVBTS  IN  THE  VOURTH 

DISTRICT. 

Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  survey  of  the  Kempe 
Bend,  Teusas  Parish,  Louisiana. 

The  survey  was  made  in  accordance  with  a  resolution  of  the  Mississippi  River  Cooip 
mission,  passed  at  their  meeting  May  12,  1884,  pro viding  that  the  survey  be  made  and 
that  all  information  accessible  concerning  previons  bank  lines  and  surreys  be  added 
to  the  survey ;  also,  an  estimate  of  the  cost  of  the  necessary  revetment* 

The  field  work  of  the  survey  was  commenced  November  21, 1884,  and  completed 
January  .30,  18H5.  •  The  work  aone  consisted  of  a  main  traverse  line  on  tame  meridiaa 
the  full  length  of  the  bend«  following  the  general  course  of  the  new  levee;  a  shore  or 
bank  lino  connected  with  either  end  of  the  main  traverse  line;  five  lines  of  levela 
across  the  country  about  4,000  feet  apart,  at  nearly  right  ansles  to  the  river,  extend* 
ing  back  10,000  feet  from  the  main  traverse  line,  and  carried  out  to  the  river  bank, 
where  they  were  prolonged  across  the  river  by  soundings.  Data  for  the  platting  of 
of  old  bank  lines  and  levees  was  obtained  from  the  office  of  the  Louisiana  State  Boaid 
of  Engineers.  That  portion  of  the  Mississippi  River  covered  by  the  survey  and 
known  as  the  Kempe  Bend  is  about  28,000  feet  m  length,  and  at  high  watw,  when  tlia 
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sand  bar  or  island  is  covered,  has  a  width  of  aboat  9,000  feet.  In  1866  there  were  no 
indieatiouH  of  a  bend  at  this  place,  as  the  river  then  flowed  through  an  almost  Btraigbt 
channel  with  a  uniform  widtn  of  about  4,000  feet.  On  old  maps  this  portion  of  the 
river  is  d(;lineatod  as  a  straight  reach  instead  of  a  bend.  In  lbo7  the  Davis-Bend  cat- 
off  made  at  a  point  about  30  miles  above.  This  shortened  the  river  temporarily  about 
20  miles.  The  rapid  caving  at  Kempe,  and  in  fact  all  along  the  front  of  Tensas  Parish, 
may  be  traced  to  this  cause. 

Between  1>:^6(>  and  1885  the  survey  indicates  that  the  river  by  caving  its  banks  hat 
destroyed  76,000,000  square  feet,  1,747  acres  of  land.  To  accomplish  this  it  has  caved 
back  at  the  deepest  part  of  the  bend  a  distance  of  5,500  feet,  destroyed  the  original 
comparatively  high  bank  and  eaten  its  way  back  into  a  low  swamp,  where  levees  of 
excessive  height  are  now  required  to  restrain  the  river  aud  prevent  an  enormous  escape 
of  water  from  the  channel.  Owing  to  the  rapid  caving  or  the  bank  these  levees  m 
soon  destroyed  b}'  the  encroachments  of  the  river,  and  new  and  expensive  embank- 
ments are  rei^uired. 

Residents  of  the  locality  state  that  in  the  last  twenty  years  $750,000  have  been  ex- 
pended <m  levees  in  this  bend. 

So  far  as  can  be  seen  at  low  water  the  bank  throughout  the  Kempe  Bend  is  gener- 
ally composed  of  a  light  saudy  loam,  which  offers  but  little  resistance  to  the  onrrent) 
and  caving  is  continuous,  both  at  high  and  low  stages  of  the  river.  While  the  snrv^ 
was  in  progress  a  deep  hole  was  discovered  in  the  river  channel  on  one  of  the  lines  of 
soundings.  In  ^oing  over  the  same  locality  a  few  weeks  after  no  trace  of  it  could  be 
discovered.  This  would  indicate  that  the  river  bed  is  also  composed  of  sand  or  some 
other  material  offering  but  little  resistance  to  the  scouring  action  of  the  water.  TIm 
lines  of  levels  which  were  run  across  the  country  indicate  that  the  general  elevation 
of  the  swamp  behind  the  present  levee  is  but  little  lower  than  where  Uie  present  levee 
stands.  While,  therefore,  it  is  not  impossible  to  build  another  levee  within  a  rotson 
able  distance  back  of  the  present  one,  it  will  be  a  very  expensive  and  difficult  under- 
taking. 

As  directed,  I  submit  the  following  approximate  estimate  for  the  protection  of  tiM 
existing  bank  and  the  prevention  of  turther  caving  by  means  of  submerged  spur-diksa 
The  length  of  bank  requiring  protection  at  present  is  25,000  feet,  and  with  submemd 
spurs  similar  to  those  used  in  the  improvement  of  New  Orleans  Harbor,  locataa  st 
intervals  of  about  1,000  feet,  it  is  thought  the  desired  result  will  he  obtained.  TliSiS 
spur-dikes  are  estimated  to  cost  |10,000  each,  or  a  total  of  $250,000  for  the  twenty-ATt 
estimated  to  be  required  for  the  protection  of  the  bank  in  the  Kempe  Bend. 

Should  the  present  levee,  recently  completed  by  the  Gk>vemment.  be  destroved  hj 
the  caving  of  the  bank  a  new  levee  on  what  appears  to  be  the  most  xeasible  and  saftst 
line  would  bo  30,000  feet  long  and  with  a  grade  2  feet  above  the  high  water  of  VSdi, 
8-foot  crown,  and  3  and  3  to  1  slopes,  would  contain  665,000  cubic  yards.  Owing  to 
the  height  of  the  bank  and  the  low  badly  drained  swamp  through  which  the  giealflr 
portion  of  the  levee  would  be  built,  it  would  not  be  safe  to  estimate  less  than  90  cents 
per  cubic  yard  as  the  cost  of  construction.  At  30  cents  665,000  cubic  vards  woold 
amount  to  $li)9,r)00.  From  present  indications  a  portion  of  this  levee  will  be  lequiied 
at  the  lower  end  of  the  Kempe  Bend  in  a  short  time. 

An  inspection  of  the  plat  of  the  survey  is  of  interest  as  showing  the  great  ohangw 
that  have  taken  ])hu;e  in  the  river  at  this  locality.    This  plat  is  not  completed  in  tuns 
to  accompany  this  report,  but  will  be  finished  in  a  few  days. 
Very  respectfully,  your  obedient  servant, 

H.  S.  Douglas, 
JatUiani  Enginetr. 

Maj.  Amos  Sticknky, 

CorpH  of  EngwecrSj  L\  iV.  A. 


K3. 


REPOIIT  OF   ASSISTANT  ENCJINKEU  A.  O.  WILSON   UPON  IMPROVEMENT  0»  THE  MOUTH 

OF   RED  RIVKR. 

New  Orleans,  L\.,  Jims  lb,  1886. 

Major  :  I  have  the  honor  to  submit  to  you  the  following  report  on  work  done  In 
the  improvement  of  the  mouth  of  the  Ked  River,  Louisiana,  from  October  1, 1884,  tiM 
date  of  the  last  annual  report  to  the  **  Commission,''  to  date. 

The  Mitisissipiii  Kiver  had  reached  its  lowest  reading;  for  the  year  on  the  Bed  RiTtf 
Landing  ^^iige  on  October  1,  being  0.3  feet.  The  river  rose  steadily  ftom  the  3d  of 
October;  it  was  necessary  to  continn(>  the  construction  of  the  bmsh-OAms  perpendio- 
nlar  to  the  line  of  the  channel  in  Lower  Old  River,  on  both  sides,  in  order  to  Moni 
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oat  the  channel  to  its  connection  with  the  deep  water  at  the  hea<1  of  the  Atchafalaya 
River.  Tlie  two  propeller  tugs  were  laid  np  at  this  point  awaiting  water  sufficient 
to  take  them  through  Old  River  to  tho  Mississippi,  which  it  was  an  ohject  to  do,  in 
order  to  return  them  t6  their  owners  at  the  earliest  possible  date.  The  force  of  twenty 
laborers  and  the  small  stem-wheel  boat  May  Fisher  were  kept  at  work  on  the  dams 
until  October  7.  The  construction  of  the  dams  was  of  necessity  very  light,  consisting 
of  willow  brush  laid  between  two  rows  of  poles  driven  down  into  the  mud  with  a 
maul ;  the  brush  was  weighted  down  with  bags  filled  Xrith  sand.  The  dams  could 
not  be  carried  out  far  enough  from  the  banks  to  create  a  channel  for  more  than  500 
feet  below  them,  after  which  distance  the  current  would  spread  out  again  and  allow 
the  hard  sand  lumps  to  form  and  obstruct  navigation,  whereas  the  chanuel  between 
the  dams  was  uniform  in  width  and  depth,  witn  the  bottom  quite  smooth.  What 
caused  these  hard  sand  lumps  in  that  part  of  the  channel  known  as  the  Chandler 
reach,  I  cannot  definitely  state.  Above  Chandler^s  li^ht  we  have  sloughs  in  the  banks, 
with  mud  lumps  in  the  channel,  and  on  the  dry  bariorming  the  low-water  bank  there 
are  gas  and  water  jets.  Where  the  sand  lumps  are,  no  signs  on  either  bank  are  visi- 
ble of  any  disturbance,  but  parallel  to  the  channel,  on  the  north  side  of  the  dry  bar, 
there  is  a  large  lake  of  water  that  at  times  is  left  standing  considerably  higher  than 
the  water  in  the  channel.  It  is  possible  that  this  water  may  find  its  way  through  the 
bar,  and,  springing  np  in  the  bottom  of  the  river,  be  the  cause  of  the  lumps,  the  con- 
centrated current  between  the  brunh  dams  having  power  enough  to  scour  out  the  sand 
lumps  as  fast  as  they  can  form.  The  river  did  not  fall  as  low  as  last  year  by  2  feet 
on  the  Barbie's  Landing  gauge,  1.7  feet,  on  October  3,  being  the  lowest  reading.  At 
this  time  we  had  a  dept  h  of  6  feet  in  the  channel.  I  am  satisfied  that  even  had  the  water 
fallen  as  low  as  it  did  in  1883  we  should  have  been  able  to  maintain  the  chanuel  by  ex- 
tending the  dams.  The  operations  of  the  season,  though  carried  on  at  a  little  over  half 
the  expense  of  previous  years,  was  successful,  navigation  having  been  kept  open  con- 
tinuously for  stern-wheel  boats.  This  method,  so  successful  this  low-water  season, 
cannot  be  relied  upon  always.  The  condition  of  things  in  general  was  more  favorable 
for  keeping  a  navigable  channel  open  between  the  Mississippi  and  the  Re<l  and  Atch- 
afalaya rivers  than  in  1883.  The  current  fiowed  in  one  direction  without  change  from 
August  7  up  to  and  after  the  suspension  of  operations.  The  sloughings  or  subsi- 
dences of  the  banks  were  not  so  large  as  those  of  last  year.  From  the  Mississippi 
to  the  Crossing  there  were  slight  subsidences  on  both  banks  for  the  whole  distance. 
On  the  Atchafalaya  side  of  the  Crossing,  near  Chandler's  light,  there  was  a  very 
large  and  remarkable  subsidence  on  the  main-land  bank  close  under  the  high-water 
bank,  and  an  enormous  lump  of  mud  came  up,  nearly  blocking  up  the  whole  river ; 
in  fact,  it  only  left  a  crooked  channel  25  feet  wide  at  the  water  surface.  The  pe- 
culiar feature  of  this  slough  was  that  the  mud-flat,  300  or  400  feet  in  width,  between 
the  subsidence  and  the  water's  edge  remained  without  the  slightest  sign  of  any  dis- 
turbance having  taken  place.  On  the  opposite  side,  for  some  distance  above  and 
below,  the  bar  was  all  broken  up  in  small  per|  tudicular  breaks,  showing  subsidence 
extending  back  from  the  water's  edge  for  300  feet.  In  this  portion  of  the  drv  bar  there 
had  been  gas  and  water  jets  which,  after  they  had  expended  themselves,  left  a  larse 
shallow  hole  with  a  small  deep  round  hole  in  the  center.  At  Barbie's  Landing  only 
a  slight  settlement  in  the  bank  was  evident. 

On  October  8  all  the  laborers,  and  the  small  stern-wheel  boat  May  Fisher  that  had 
been  used  for  towing  willows  and  transporting  the  men,  were  discharged. 

Tho  Menge  dredge  was  turned  over  to  her  owner  October  8.  The  working  of  this 
dredge  jiroved  a  failure.  She  was  constantly  broken  down,  and  was  not  properly 
e<iuippe(l,80  that  she  eould  be  held  in  poe^ition  against  the  current.  The  two  pro- 
peller tugs  were  brought  out  to  the  Mississippi  Kiver  on  the  10th  of  October  against 
a  terrific  current  and  only  water  enough  in  the  channel  amounting  to  the  bare  draft 
of  the  tugs,  which  made  it  extremely  (lifficult  to  keep  the/ii  in  the  channel.  On  this 
<lay  Barbie's  Landing  gauge  read  5.9  feet,  the  surface  of  the  Mississippi  being  7^ 
feet  higher  at  the  mouth  of  Old  Kiver. 

The  ideji  that  propeller  tugs  can  cn»ate  or  maintain  a  channel  by  the  scour  result- 
ing from  their  screws  over  a  long  shoal  is  a  very  serious  mistake.  The  tugs  employed 
were  the  two  very  best  and  most  powerful  of  their  size  in  America,  and  were  worked 
faithfully  twelve  hours  jx^r  day  until  they  were  ordered  out  of  Old  River,  as  there 
was  danger  from  their  being  so  thrown  over  on  one  side  as  to  take  in  water  through 
the  engine-room  door- way  and  settle  on  the  bottom,  in  which  case  it  might  have  been 
very  costly  to  get  them  out,  if  not  a  danger  of  their  being  lost  altogether,  with  so 
treacherous  a  bottom  jw  that  of  the  Lower  Old  River.  On  the  short,  sharp-crested 
sand-bar  at  the  head  of  the  Atchafalaya  Bar,  where  they  were  afterwards  worked, 
ihey  did  good  service,  bur  not  without  some  danger,  as  the  coal-bunkers  had  to  be 
kept  battened  down  to  prevent  their  taking  in  water  when  careened  by  being  forced 
up  on  the  crest  of  the  bar.  Tho  heavy  drag-scraper,  made  up  of  four  250-pound  an- 
chors and  the  lij)  of  a  large  dipper  dredge,  framed  together  with  heavy  timbers,  and 
worked  over  the  bow  of  the  stern-wheel  boat  Gus.  Geinn,  was  very  effective  in  leveling 
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off  the  mud  lumps  into  the  deep  boles  and  cutting  through  the  mud-bar  at  the  moatfa 
of  Old  River.  The  last  boat  left  the  vicinity  of  the  mouth  of  Red  River,  with  the 
coal  barge  iu  tow,  October  12,  for  New  Orleans,  where  the  8teamlM>at  waa  discharged, 
and  tbe  coal  barge,  with  the  coal  remaining,  was  safely  disposed  of.  Navigation  t^ 
maincd  good  in  Lower  Old  River  nutil  November  *st7,  when  the  Mississippi  had  asaiB 
fallen  as  low  as  7.G5  feet  on  tbe  Red  River  Landing  gauge,  and  coutinoed  falTtDg 
until  Dcci'mber  2,  when  it  read  7.25  feet,  and  at  the  Barbie's  Landing  guage  3.9  feet 
November  27  tbe  UnitfHl  titat<^.s  Hteru- wheel  boat  Annie  Kelly  was  got  in  readiness  and 
left  New  Orleans  fur  the  mouth  of  Red  River,  where  the  drag-scraper  waa  reframed 
and  placed  on  the  A.nnie  Kelly,  and  work  was  resumed  in  the  month  of  Old  River 
November  30,  as  tbe  examination  of  the  day  previous  had  shown  this  to  be  the  wont 
place.  There  still  remained  enough  of  the  brush-dams  iu  Chandler's  Reach  to  keep 
the  channel  there  good. 

December  8,  navigation  being  gooil  and  the  MissisHippi  rising,  the  Annie  Kellr 
returned  to  New  Orleans  and  was  laid  up.  After  the  hired  plant  had.  been  dispeDSM 
with,  October  14,  the  (luarter-boats  and  skiffs  were  repaired,  and  the  coal  taken  oat 
of  the  old  sunken  (U)al-barge:  the  gauges  at  West  Melville,  Sinimsport,  Baiine^i 
Landing,  and  tbe  mouth  of  Old  River,  were  renewed  and  put  in  order  for  the  hi^- 
water  seasfm.  The  Atcliafalaya  steamboats  Warreu  and  Fanchon  kept  running  all  tlis 
season ;  they  report  fairly  what  water  they  iiud,  but  reports  of  such  boats  as  the 
Phil.  E.  Chappell,  who  run  into  the  bank  in  the  dark,  tie  up  for  the  night,  and  tbeo 
report  in  the  papers  as  delayed  in  Old  River  tweuty-two  hours,  '*  had  to  pull  through," 
are  not  to  be  depended  u])on  as  correct.  Since  December  10  the  work  has  consisted 
of  otiice  work  only.  A  series  of  maps  showing  the  proposed  navigation  route  iW>m  the 
Mississippi  River  to  the  Red  and  Atchafalaya  rivers  through  Bayou  Plaquemine  ssi 
Grand  River  have  been  prepared,  consisting  of  a  map  of  Bayou  Plaquemine  surveyed 
1883 ;  a  map  showing  tne  whole  of  the  proposed  route ;  a  general  plan  for  a  donUe 
lock  at  IMaqneniine;  a  map  of  the  Narrows  in  Grand  River,  with  cross-sections  finMi 
the  survey  of  1879;  a  ])rotile  of  the  center  line  of  the  proposed  oaual  through  B^fOt 
Plaquemine,  with  a  report  on  the  work  required,  including  the  estimates  or  the  coit^ 
as  previously  presented  by  you  to  the  Comniissiou. 

From  March  1,  to  the  ])rescnt  date  no  work  has  been  done  in  connection  with  tbe 
improvement  of  the  mouth  of  Red  River,  Louisiana.  The  services  of  the  assistant te 
charge  of  the  works  were  diHi>ensed  with,  the  property  placed  in  the  care  of  wateh- 
men,  and  the  quai  ter-boati)  and  steamer  Ruby  removed  Irom  the  mouth  of  Old  Riw 
to  Giles  Bend,  above  Natchez,  for  greater  economy  and  safe- keeping. 
1  am,  rcHpect fully,  your  obedient  servant, 

Arthur  Owen  Wilson, 

AntUiant  JSm^nmr> 

Maj.  Am 08  Stick nky. 

Corps  of  Engineers,  l\  S,  .i. 


K4. 
report  of  assistant  engineer  a.  o.  wilson  upon  tiik  flaqubmikk  roctb. 

United  States  Engineer  Office, 

Xew  Orleans f  La.,  Febrtuirg  80, 188k 

Major  :  1  have  the  honor  to  submit  to  you  the  following  report,  to  accompany  tht 
mapH,  ]>lan,  and  profile  made  under  your  direction. 

At  tiie  meeting  of  tbe  MisHissippi  River  Commission,  held  in  Saint  Lonis,  Hikf 
September  14,  1H^*2,  tbe  following  resolution  was  passed: 

"  Tliiit  Major  Stickney,  United  States  Engineers,  be  requested  to  submit  an  estimato 
of  the  cost  of  making  a  survey  of  the  navigation  route  from  the  Mississippi  Biw 
thnuigli  tbe  liayou  lMa(|uemiue,  and  up  the  Grand  and  Atchafalaya  riven  to  the 
head  <»f  the  latter  stream,  with  a  view  to  reporting  upon  the  feasibility  and  cost  of 
improving  said  route  to  replace  the  i»resent  access  to  Ked  River." 

In  acconlanee  with  the  above,  a  project  for  a  Hurvey,  with  an  estimate  of  theooiti 
was  Huluuitted  by  you,  and  at  a  me(>tiug  of  the  Missirtsippi  River  Commission,  heldii 
New  Orleans,  March  *21,  Ifi^'A,  it  was  resolved  that  the  project  be  adopted  andreoon- 

In  accordanee  with  the  above  resolution  of  the  Mississippi  River  Commiasisn 
preparatiouH  w(>re  made,  and  a  ])arty  sent  into  the  lield  to  maKe  a  survey  of  thepio- 
posed  "  navijj^ation  route."  The  survey  party  went  into  the  field  early  in  Junty 
lHs:{,  th(^  waters  of  th*^  Hood  making  it  impracticable  to  commence  field  work  toy 
HooHiM*.     Owing  to  the  extreme  sickliness  of  the  season  and  the  death  of  AsiistSBt 
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Engineer  E.  A.  Szalla,  who  was  in  charge  of  the  party,  the  survey  was  not  carried 
beyond  Bayou  Plaquemiue. 

The  canal  part  and  locks,  which  form  all  the  heavy  work  in  connection  with  the 
route,  are  included  in  this  survey.  The  survey  of  is50-'8l,  made  for  the  same  pur- 
pose, of  the  remaining  portion  of  the  route  furnishes  all  the  information  and  data 
required,  and  from  which  the  estimate  of  the  widening  at  the  narrow  part  of  Grand 
Biver  was  made. 

An  estimate  of  the  cost  of  making  a  route  for  navigation  from  the  Mississippi 
through  Bayou  Plaquemiue  and  up  Grand  and  Atchafalaya  rivers  was  presented  to 
the  Commission  hy  you  in  December,  1883,  appended  to  which  were  the  reports  of 
Assistant  Engineer  F.  W.  Lebnartz  on  the  cost  of  the  excavation  in  Bayou  Plaque- 
mine,  and  that  of  Assistant  Engineer  H.  C.  Collins  on  the  cost  of  the  locks  at  Plaque- 
mine  and  the  work  required  in  Grand  River. 

The  following  additional,  prepared  under  your  direction,  are  now  completed: 

A  map  of  the  navigation  route. 

A  map  of  the  canal  par f-. 

A  general  plan  for  a  double  lock. 

A  map  of  the  Grand  River  Narrows. 

A  profile  on  the  center  line  of  the  canal  through  Bayou  Plaquemiue. 

The  map  of  the  navigation  route  shows  all  the  water-ways,  large  and  small,  includ- 
ing the  Mississippi  and  Atchafalaya  rivers,  from  the  mouth  of  Red  River  to  Plaque- 
mine,  on  the  Mississippi,  and  to  Grand  Lake. 

This  map  is  compiled  from  the  parish  maps  of  Pointe  Couple,  West  Baton  Rouge,  and 
Iberville,  including  parts  of  the  parishes  of  Saint  Martin's  and  Ascension,  compiled 
in  1859  from  the  most  authentic  United  States  surveys,  and  indoi-sed  by  J.  M.  Culloh, 
Surveyor-General ;  from  a  map  of  the  Atchafalaya  and  Pointe  Couple  basins,  made  by 
John  V.  Van  Pelt,  civil  engineer,  in  May,  1873,  and  from  a  map  of  the  Atchafalaya 
River  made  from  a  survey  of  Assistant  Engineer  F.  P.  Leavenworth,  under  the  direc- 
tion of  Maj.  C.  \V,  Howell,  United  States  Army,  in  1874. 

The  map  is  made  on  a  scale  of  1  inch  to  a  mile^  in  order  to  illustrate  the  whole 
route  and  the  character  of  the  country  through  which  it  runs. 

The  map  of  the  canal  part,  through  the  Bayou  Plaquemiue,  is  made  from  the  sur- 
vey by  Assistant  Engineer  E.  A.  Szalla,  June  to  September,  1883.  The  map  shows 
the  proposed  location  of  the  canal  and  the  site  for  the  locks  in  Plaquamine  town. 
The  estimate  for  the  excavation  is  made  from  the  cross-sections  of  Bayou  Plaquemiue, 
on  the  biiNis  for  a  channel  150  feet  wide  on  the  bottom  and  a  depth  of  5  feet  at  low 
water,  with  side  slopes  of  3  horizontal  to  1  vertical,  and  the  curvature  limited,  to 
a  minimum  radius  of  1,500  feet  on  the  center  line.  This  map  extends  over  all  that 
part  of  the  bayou  requiring  enlargement,  and  is  made  on  a  scale  of  ^-gfin)-  '^^^  ^^P 
shows  the  channel,  150  feet  wide  on  the  bottom,  located  as  estimated  upon  by  Assistant 
Engineer  F.  W.  Lehnartz.  The  general  plan  for  a  double  lock  as  estimated  upon  by 
Assistant  Engineer  H.  C.  Collins. 

The  plan,  as  presented,  is  to  show  the  character  of  the  structure  proposed  as  the 
most  suitable  to  the  locality  and  adapted  to  the  requirements  of  navigation.  The 
nature  of  the  ground  is  such  as  to  require  a  structure  with  its  weight  as  equally  dis- 
tributed over  the  area  on  which  it  is  built  as  possible. 

The  lock-chamberH  show  a  length  of  300  feet  between  the  gates  with  a  width  of  75 
feet.     Tbe  plan  provides  for  a  guard-gate  at  the  Mississippi  entrance. 

The  walls  of  the  first  chamber  will  have  a  height  of  40  feet,  giving  a  depth  of  6 
feet  on  the  door  at  low  water.  The  extreme  diiference  between  the  highest  water  in 
the  Mississippi  and  the  level  of  the  lowest  in  Grand  River,  at  the  month  of  Bayou 
Plaquemine,  is  32  feet,  as  stated  by  Mr.  H.  C.  Collins  in  his  estimate  on  the  cost  of 
the  locks,  so  that  the  top  of  the  walls  will  be  2  feet  above  the  highest  known  flood, 
with  guard-timbers  carried  10  feet  higher.  The  walls  of  the  second  or  lower  chamber 
are  to  have  a  height  of  25  feet  from  the  floor.  This  chamber  it  is  proposed  to  use  alone 
for  all  stages  from  low  water  uj)  to  15  feet,  after  which  and  up  to  extreme  high  water 
the  u]>per  or  first  chamber  is  to  be  used  for  the  passing  of  boats  up  from  and  down 
to  the  lower  chamber  and  the  Mississippi  at  the  high  stages,  or  whenever  the  Grand 
River  shall  have  attained  a  stage  equal  to  over  15  feet  in  the  Mississippi  River.  Only 
the  upper  or  first  chamber  will  be  used.  There  will  be  times  when  the  lockage  is 
down  into  tbe  Mississippi.  Provision  is  made  for  this  in  the  plan.  The  gates  pro- 
posed are  of  iron  ;  tbe  lock-chambers  will  be  filled  through  wickets  in  the  gates.  It 
is  proposed  to  nuike  the  gates  on  the  general  plan  of  the  wheeled  gates  for  Davis 
Island  Dam. 

ihe  profile  taken  on  the  center  line  of  the  canal,  as  laid  down  on  the  map  of  the 
canal  part. 

The  profile  shows  tbe  depths  of  cutting  required  on  the  center  line  of  the  canal  from 
the  Mississippi  through  Bayon  Plaquemine  to  its  junction  with  Bayon  Grosse  Tdte, 
beyond  \^hich  point  navigation  .is  good  up  to  the  Narrows  in  Grand  River. 
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MAP  OF  THK  GRAND  RIVER  NARROWS. 

Tbis  map,  with  the  cross-sections,  shows  the  work  required  to  make  this  part  tA 
Grand  River  e(inal  in  point  of  navigation  to  the  other  portions  of  the  ronte.  The 
heavy  lines  on  the  map  and  cross-sections  indicate  the  channel  150  feet  wide  at  low 
water,  and  the  broken  lines  indicate  the  200-feet-wide  channel,  as  estimated  for. 

This  map  and  cross-sections  are  made  from  the  survey  and  examination  made  in 
1880  and  1481  by  Assistant  Engineer  H.  C.  Collins,  who  also  made  the  estimate  tub- 
mitt>e(l. 

The  estimates  for  the  navigation  route,  as  presented  by  you  to  the  Mississippi  Rim 
Commission  in  December,  1^3,  are  as  follows: 

T\l'0  LOCKS. 

Brick  walls t&31i&9O0e 

Concrete  walls  (Portland  cement) 479,600  00 

Concrete  walls  (Rosendale  cement) 401,650  00 

Concrete  walls  (Louisville  cement) 384,980  00 

KXCAVATION  IN  BAYOU  PLAQUEMINE. 

3,557,720  cubic  yards,  at  20  cents , 711,544  00 

Contingencies,  10  per  cent - 71,154  40 

782,60840 

CITANNKL   IN  GRAND  RIVER  200  FEET  WIDE,   5  FEET  DBKP. 

Excavation,  1,257,000  cubic  yards,  at  20  cents 251,400  00 

Grubbing  61  acres,  at  $75  per  acre 4,575  00 

Clearing  banks  20  miles,  at  $200 4,000  00 

Contingencies,  10  per  cent 25,997  60 

986,972  60 

CHANNKL  IN  GRAND  RIVER   150  FEET  WIDE,   5  FBET  DEKP. 

Excavation,  631,064  cubic  yards,  at  20  cents 128,219  80 

Grubbing  31  acres,  at  )j^75  per  acre. 2,395  00 

Clearing  banks  20  miles,  $200  per  mile 4,000  00 

Contingencies,  10  per  cent ..-.•.  13,963  38 

145,79168 

REMOVING  RAFT  AND  SNAGS  IN  ATCHAFALAYA  RIVER. 

Snag-boat 60,000  00 

Two  seoHons'  work,  eight  months  each,  at  $3,000 48, 000  00 

106,000  00 

Aggregate  cost  of  route. 


Brick  locka.  Concmte  loeka. 


^^^^^»'  !  Grand  Rivor   Grand  River  '  Gnad  Rivw  OrmndBtw 


Cbiinnel  200     Channel  150 
feet.  feet. 


Locks $531, S50,  $531,550  947»,600  0479^M 

IJayoii  oxcnvatioii 782,700             782,700             782.700  TI^IM 

Grand  Rivor 286,000  i           146,800             280^000  M^ 

Romovin;;  raft    aud"  siiukh  in  Atcbafalavn  .  '                                                   I 

River 108,000,           108,000!           100^000  i  M^m 


Channel  90O 
feet 


GhMiBelUI 


Total 1,708,250;        1»5«8,050  1,050^300'         l,51i^lM 

1  am,  very  respect  fully,  your  obedient  servant, 

Arthur  Owen  Wilbok, 

A89i9tant  Engineer, 

Maj.  Amos  Stickney, 

Corptt  of  EngintevH^  f\  >'.  A. 
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RKPORT  OF  ASSISTANT  ENGINEER  W.  G.  PRICE  UPON  WORK  IN  NEW  ORLEANS  HARBOR. 

New  Orleans,  La.,  May  18,  1885. 

Major  :  I  have  the  houor  to  make  the  following  report  of  work  in  New  Orleans 
Harbor  during  the  low-water  season  of  1884. 

It  having  been  decided  to  begin  the  work  of  patting  down  submerged  spurs  at 
Gk>aldsboro',  plans,  and  estimates  of  material  required,  were  prepared. 

Three  decked  barges  were  constructed  by  contract  and  delivered  August  28.  The  stem- 
wheel  tow-boat  Anne  Kelly  (name  since  changed  to  General  Newton)  was  purchased  Au- 
flnist  23,  and  was  employed  in  towing  barges  of  rock  from  Wilson's  Point,  Louisiana,  to 
Uouldsboro'.  The  plant  in  use  in  Carroll  ton  Bend  in  1883  was  improved  and  put  in 
order  for  the  new  work.  A  survey  of  Gouldsboro'  Bend  was  completed  in  July.  On 
August  24  the  plant  was  towed  to  Gouldsboro',  and  on  the  29th  the  construction  of  the 
first  spur  was  begun.  The  work  of  constructing  and  sinking  spurs  was  done  by  hired 
labor.  The  willow  brush,  lumber,  bolts,  chains,  &c.,  were  delivered  by  contractors. 
Stone  was  purchased  cit  Chester,  111.,  by  Capt.  J.  H.  Willard,  Corps  of  Engineers^ 
United  States  Army,  and  sent  down  on  chartered  barges.  A  small  amount  of  ballast 
was  also  purchased  in  the  harbor.  Several  delays,  which  increased  the  cost  of  the 
work,  were  caused  by  the  slow  delivery  of  material  by  contractors.  The  mattress  for 
each  spur  was  200  feet  wide  up  and  down  stream,  and  extended  350  feet  out  in  the 
rfyer.  It  was  woven  of  willow  brush  and  poles  and  had  iron  rods  and  chains  woven 
in  it  to  give  the  necessary  strength  requirea  in  sinking  it.  A  narrow  crib- work  filled 
with  rock  was  built  on  the  edge  round  three  sides  of  it. 

While  sinking  the  mattresses  it  was  supported  on  three  sides  by  double  lowering 
lines  1  inch  in  diameter,  placed  16  feet  apart,  and  the  shore  edge  was  fastened  with 
iron  rods  to  Iocs  buried  in  the  ground.  Each  lowering  line  passed  up  over  the  rounded 
gnnwale  of  a  decked  barge,  then  once  around  a  timber  head,  and  was  fastened  to  a 
messenger  rope  which  was  carried  round  capstan  near  the  shore. 

One  man  payed  out  the  messenger  which  controlled  all  the  lowering  lines  so  that 
none  were  unduly  strained.  The  mattress  was  held  against  the  current  by  six  large 
ropes  which  were  fastened  to  the  upper  edge  by  toggles  and  were  carried  diagoualTy 
np-stream  to  the  bank.  The  mattress  was  hoavihr  ballasted  round  the  edges  and 
Jnst  enough  rock  was  put  elsewhere  to  put  it  out  of  sight,  great  oare  being  taken  not 
to  load  it  too  heavy,  then  it  was  lowered  to  the  bottom  and  more  rock  thrown  on. 
Hie  ballasting  was  done  entirely  from  a  bar^e,  no  rook  being  wheeled  on.  In  low- 
ering, the  up-stream  edge  was  allowed  10  ^et  start  of  the  down-stream  edge,  and 
then  they  were  lowered  an  even  amount  till  both  were  on  the  bottom.  On  a  line 
parallel  with  the  up-stream  edge  of  the  mattress  and  70  feet  below  it  there  were 
snnk,  one  on  another,  six  cribs  each  5}  feet  thick.  The  bottom  crib  had  a  width  of 
60  feet  and  the  top  one  22  feet.  The  bottom  crib  was  short  and  they  increased  in 
length  so  that  the  ton  of  the  last  one  was  about  on  a  slope  of  3  horizontal  to  1  vertical 
firom  the  low-water  shore-line,  and  it  extended  300  feet  out  in  the  river.  The  method 
of  sinking  the  cribs  was  the  same  as  for  as  the  mattress  except  that  they  were  heavily 
ballasted  before- lowering  to  the  bottom.  The  spur  was  built  out  at  right  angles  to  a 
line  drawn  tangent  to  the  curve  of  the  bank.  The  cribs  were  built  on  timber-ways 
on  the  bank  and  launched.  They  consisted  of  a  frame-work  made  of  sawed  timbers 
held  together  with  long  iron  bolts  and  wooden  posts  fastened  with  wooden  pins  and 
filled  with  willow  brnsu,  leaving  pockets  into  which  to  throw  the  stone.  The  mat- 
tresses and  cribs  for  two  complete  spurs  and  a  mattress  and  three  cribs  towards  another 
were  successfully  made  and  sunk  to  the  correct  position  without  accident. 

In  sinking  the  mattress  7  pounds  of  rock  weighed  in  water  was  used  for  each 
square  foot  of  surface. 

In  sinking  the  cribs  7  pounds  of  rock  weighed  in  water  was  used  for  each  cubic  • 
foot  of  crib-work. 

The  average  cost  of  a  complete  spur,  not  including  cost  of  plant,  was  $12,525. 

Mattresses  with  crib-work  round  edges  of  them  cost  7.6  cents  per  square  foot  when 
ballasted  and  sunk. 

Crib-work  of  spurs  cost  3.6  cents  per  cubic  foot  when  ballasted  and  sunk.  Expe- 
rience gained  would  enable  us  to  greatly  reduce  the  cost  of  future  work  of  this  kind. 
The  work  was  stopped  November  28,  the  appropriation  having  been  exhausted. 

Respectfully  submitted. 

W.  G.  Prick. 
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REPORTS  OF  THE  MISSOURI  RIVER  COMMISSION. 


XX  I. 

report  for  1884. 

War  Department, 
Washington  Oity^  January  7, 1886. 

In  accordance  with  the  act  of  Oongrcss  approved  July  6, 1884,  creating 
the  Missouri  Eiver  Gonxmission,  the  Secretary  of  War  has  the  honor  to 
transmit  herewith  to  the  United  States  Senate  the  annual  report  of  said 
Ck)mmission  for  1884. 

The  recommendations  of  the  Commission  for  appropriations  for  the 
fiscal  year  ending  June  30,  1886,  have  been  forwarded  to  the  Secretary 
of  the  Treasury  for  transmission  to  Congress,  as  required  by  section  2 
of  the  act  of  July  7, 1884.    (Pamphlet  Laws  U.  S.,  1883-'84,  page  254.) 

Kobert  T.  Lincoln, 

Secretary  of  War. 

The  President  pro  tempore  of  the  Senate. 


REPORT. 


Missouri  Eiver  Commission, 

Saint  LouiSj  Mo.j  December  9, 1884. 

Sir  :  The  Missouri  Eiver  Commission,  created  by  the  act  of  July  6, 
1884,  is  required  by  law  to  submit  annually  for  transmittal  to  Congress, 
at  the  beginning  of  the  regular  session  in  December,  "  a  full  and  detailed 
report  of  all  their  proceedings  and  actions,  and  of  all  such  plans  and 
systems  of  work  as  may  now  be  devised  and  in  progress  and  carried  out 
by  them,  and  of  all  such  additional  plans  and  systems  of  work  as  may 
be  devised  and  matured  by  them,  with  full  and  detailed  estimates  of 
the  cost  thereof,  and  statements  of  all  expenditures  made  by  them." 

The  duties  prescribed  to  the  Commission  by  the  same  act  were — 

To  superintend  and  direct  such  improveraeDt  of  said  river,  and  to  canr  into  executioa 
such  plans  for  the  improvement  of  the  navigation  of  said  river  from  its  mouth  to  its 
headwaters  as  may  now  be  devised  and  in  ])rogres8,  and  to  continue  and  complete  such 
surveys  as  may  now  be  in  progress,  and  to  make  such  additional  surveys,  examina- 
tions and  investigations,  topographical,  hydrographical,  and  hydrometrical,  and  to 
consider,  devise,  and  mature  such  additional  plan  or  plans,  and  ail  such  estimates  as 
may  be  deemed  necessary  and  best,  to  obtain  and  maintain  a  channel  and  depth  of 
water  in  said  river  sufficient  for  the  purposes  of  commerce  and  navigation,  [and]  under 
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the  direction  and  with  the  approval  of  the  Secretary  of  War,  superintend,  coutrol, 
and  oxpon<l  for  the  purpones  of  this  net  all  appropriations  or  unexpended  balanon 
heretofore  made  for  the  improvement  of  said  river,  and  which  may  hereafter  be  made 
for  said  river,  or  so  much  thereof  as  may  l>e  necessary. 

Id  the  same  act  were  the  following  items,  appropriating  money  for  tlie 
execution  of  these  duties : 

(1)  Improving  Missonri  River  from  its  month  to  Sioux  City,  Iowa,  including  sack 
harbors  on  said  river  as,  in  tiie  jndgment  of  the  board  of  engineers  herein  creat^ 
will  bene  tit  commerce  and  navigation,  $r»00,000. 

(2)  Improving  Missonri  River  from  Sionx  City,  Iowa,  to  Fort  Benton,  Mont. :  Cos- 
tinning  improvement,  $125,00U;  of  which  sum  $15,000  shall  be  used  in  the  pnrchuM 
of  a  snag-boat  to  be  o])erated  on  the  Missouri  River  above  Sioux  City,  and  on  the 
Yellowstone  River. 

(3)  For  a  snrvt^y  of  the  Missonri  River  above  the  Missouri  Kiver  Falls,  at  Foit 
Benton,  815,000. 

Upon  assuming  their  duties,  the  Commission  found  that  a  continnoiu 
survey  of  the  river  had  been  made  from  its  mouth  to  Fort  Pierre,  Dak, 
a  distance  of  1,174  miles,  and  also  from  the  mouth  of  Sun  River,  at  the 
head  of  the  Falls,  to  Stubbs  Ferry,  near  Helena,  a  distance  of  130.7 
miles,  leaving  unsurveyed  the  portions  extending  from  Fort  Pierre  to 
the  mouth  of  Sun  Kiver,  a  distance  estimated  at  about  1,390  miles,  and 
Irom  Stubbs  Ferry  to  the  headwaters  of  the  Missouri,  at  Three  Forks, 
a  distance  estimated  at  73  miles.  They  found  that  the  head  of  naviga- 
tion was  at  Fort  Benton,  situated  about  250  miles  below  the  headwa- 
ters, and  about  2.510  miles  above  the  mouth  of  the  river;  that  worksof 
improvement  hail  been  executed  at  various  points  from  Saint  GharleSi 
Mo.,  25  miles  above  the  mouth,  to  Kipp's  Rapids,  58  miles  below  Fort 
Benton,  besides  some  small  works  constructed  in  1880  above  the  FaUs. 

For  convenience  of  administration,  the  river  had  been  divided  into 
two  districts,  the  first  district  extending  from  the  mouth  to  Sionz  City, 
a  distance  of  803  miles,  and  the  second  from  Sioux  City  to  Fort  Benton, 
a  distance  of  about  1,710  miles.  The  division  was  an  artificial  one^ 
made  sim])ly  tor  convenience,  there  being  no  marked  change  in  the 
character  of  the  river  for  a  long  distance  above  and  below  Stoax  City. 

SIOUX  CITY  TO  THE  MOUTH. 

Maj.  Charles  E.  Snter,  Cori>s  of  Engineers,  U.  S.  A.,  was  in  charge  of 
the  first  district.  The  first  works  undertaken  by  the  Goveniment  in  this 
district  were  at  Eastport,  Iowa,  and  Saint  Joseph,  Mo.,  under  small  ap- 
propriations made  in  1876.  Subsequently  other  appropriations  wen 
made  for  these  and  other  localities,  the  number  of  the  latter  being  in- 
creased from  year  to  year,  until  in  1881  the  number  of  separate  locautiei 
provided  for  was  thirteen.  Their  names  and  distances  firom  the  mootk 
of  the  river,  with  the  date  of  first  a|>|)ropriation,  are  as  follows:  Saint 
Charles,  Mo.,  25  miles,  1880;  Cedar  City,  Mo.,  147  miles,  1879;  Glasgow, 
Mo.,  22G.5  miles,  1879;  Lexington,  Mo.,  319  miles,  1880;  Kansas  OUsj^ 
Mo.,  386  miles,  1879;  Fort  Leavenworth,  Kans.,419  miles,  1878;  Atdii- 
son,  Kans.,446  miles,  1878;  Saint  Joseph,  Mo.,  479.5  miles.  1876;  BrowB- 
viHe,  Nebr.,  580  miles,  1880;  Eastport,  Iowa,  and  Nebraska  City,  Nebri, 
608.5  miles,  1876;  Plattsmouth,  Nebr.,  638  miles,  1880;  Council  Bloflb^ 
Iowa,  and  Omaha,  Nebr.,  GiiS  miles,  1878 ;  Sioux  City,  Iowa,  803  inilea, 
1878.  Obviously  there  c^ould  be  no  connection  between  these  works.  As 
a  general  rule  each  had  to  be  provided  with  a  separate  plant  and  sepa- 
rate engineering  staff,  l^revious  to  and  including  the  appropriation  Mil 
of  1881.  tliere  had  been  five  bills,  containing  altogether  forty-three  item% 
a]>])ropriating  money  for  the  thirteen  localities.     Of  these  forty-tiiree 
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items,  thirteen  amounted  to  $10,000  each  or  less,  twenty  were  greater 
than  $10,000  and  not  greater  than  $20,000  each,  seven  were  greater  than 
$20,000  and  not  greater  than  $30,000  each,  while  there  was  one  item  of 
$40,000,  one  of  $50,000,  and  one  of  $80,000.  The  aggregate  of  these 
appropriations  is  large,  amounting  to  $861,000,  but  no  useful  results,  at 
all  justifying  such  an  expenditure,  were  obtained  or  could  be  obtained 
under  the  system.  The  means  were  inadequate  at  nearly  every  point, 
nothing  could  be  finished,  and  the  incomplete  work  was  an  easy  prey  to 
the  destructive  forces  of  the  river.  At  the  same  time  the  supervision 
of  so  many  works,  so  widely  scattered,  required  a  large  and  expensive 
administrative  staff. 

In  the  mean  time  a  general  survey  of  the  river,  begun  under  an  ap- 
propriation made  in  1878,  was  progressing.  By  the  2nd  of  February, 
1881,  it  had  been  so  far  completed  and  its  results  so  far  studied  by 
Major  Suter  as  to  enable  him  upon  that  date  to  make  a  re})ort  and  proj- 
ect for  the  general  improvement  gf  the  river  from  its  mouth  to  Sioux 
City.  This  report  was  followed  by  an  appropriation  in  the  act  of  Au- 
gust 2,  1882,  of  $850,000,  in  which  the  ruinous  system  of  allotting  small 
sums  to  widely  separated  localities  was  abandoned,  and  the  beginning 
of  a  systematic  improvement  of  the  river  was  first  rendered  possible. 
Under  this  appropriation  some  of  the  more  important  of  the  works  pre- 
viously undertaken  were  continued,  but  a  very  large  portion  of  it  was 
devoted  to  the  preparation  of  the  machinery  and  other  plant  required 
for  conducting  the  works  upon  a  large  scale.  This  plant  is  now  avail- 
able for  use.  The  next  appropriation  was  that  of  1884,  with  the  ex- 
penditure of  which  this  Commission  are  charged. 

The  report  of  Major  Suter,  date<l  February  2,  1881,  gives  a  full  de- 
scription of  this  portion  of  the  stream,  and  being  already  in  the  hands 
of  Congress,  renders  it  unnecessary  for  the  Commission  to  go  into  details 
in  that  respect  at  this  time.  It  is  to  be  found  in  the  Annual  Report  of 
the  Chief  of  Engineers  for  1881,  beginning  on  page  1649.  The  general 
plan  therein  proposed  contemplates  contracting  the  vridth  of  "thS  river 
bed  to  such  limits  as  will  insure  stability  of  regimen  and  approximate 
uniformity  of  slope,  width,  and  depth."  The  Commission  approve  and 
adopt  this  plan.  They  approve  also  the  methods  proposed  for  carrying 
it  out,  subject  to  such  modifications  and  changes  as  future  experience 
may  dictate.  They  are  not  prepared  at  this  time  to  submit  an  estimate 
of  its  cost.  Tl)ey  can  only  express  their  opinion  that  the  work  is  phys- 
ically practicable.  Tlie  question  of  cost  must  be  determined  by  actual 
trial.  The  immense  advantages  to  be  gained  from  success  justify  the 
expenditure  of  a  large  sum  in  making  the  trial.  The  experiments  hereto- 
fore made  have  many  encouraging  features.  Their  want  of  cohesion  is 
sufficient  explanation  of  their  want  of  success.  The  trial,  to  be  really 
demonstrative,  must  be  undertaken  with  ample  means  and  followed  up 
without  intermission  for  several  years,  over  a  continuous  piece  of  river, 
the  length  of  which  must  be  considerable.  It  is  the  opinion  of  the  Com- 
mission that  the  work,  while  in  the  experimental  stage,  should  be  car- 
ried on  under  annual  appropriations  of  $1,000,000  each,  and  they  accord- 
ingly recommend  for  the  coming  year  fbr  this  portion  of  the  river  an 
appropriation  of  $1,000,000. 

It  remains  to  announce  the  principles  by  which  they  have  been  gov- 
erned in  making  the  allotments  for  carrying  on  the  works  and  which 
they  propose  to  follow  in  the  future,  where  the  appropriation  bills  leave 
such  allotments  to  their  discretion.  The  Commission  find  that  among 
the  peoj)le  most  interested  in  the  improvement  of  the  Missouri  River 
there  are  two  radically  different  views  as  to  the  proper  method  of  dis- 
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tribating  the  appropriations.  On  the  one  hand  it  is  held  that  the  fint 
and  most  important  object  of  the  appropriations  is  to  check  the  ravagM 
now  being  sufiered  by  private,  corpoi*ate,  and  manicipal  property  on 
the  hanks;  that  an  appropriation  made  by  law  to  apply  to  a  long  reach 
of  river  sliould  be  distributed  somewhat  uniformly  over  it,  due  attention 
being  paid  to  the  relative  value  of  the  interests  endangei^  at  different 
points;  that  the  commerce  now  actually  existing  upon  the  river  is  of 
small  importance,  and  that  works  for  its  exclusive  benefit  may  well  be 
deferred  until  the  tangible  property  now  visible  be  secured  ftt>in  iujuiy. 
Naturally  the  persons  holding  these  views  have  most  frequently  and 
most  vigorously  made  themselves  known  to  the  Oommission. 

On  the  other  hand,  it  is  held  by  the  Oommission  that  the  appropria- 
tions are  intended  as  a  business  investment  made  by  the  Government 
with  the  object  with  which  any  other  capitalist  enters  upon  a  great  en- 
terprise, viz,  a  return  of  the  capital  together  with  interest;  that  the 
primary  object  of  the  improvement  is  to  deepen  the  channel  and  thu 
to  provide  cheap  through  transportation  for  freight  by  which  the  coon- 
try  may  be  developed  and  the  money  paid  out  be  finally  returned  to  the 
Treasury  of  the  United  States;  that  the  cost  of  protecting  any  portion 
of  the  bank  from  erosion  is  so  great  that  it  is  only  in  exceptional  cases 
that  the  annual  interest  upon  the  investment  does  not  exceed  the  annual 
loss  without  protection;  that  while  it  is  true  that  there  la  but  a  small 
amount  of  commerce  upon  the  river  at  this  time,  the  object  is  to  increase 
that  commerce,  and  that  if  that  object  fails  the  whole  scheme  is  a  finan- 
cial failure  whether  the  destruction  of  property  may  have  been  stopped 
or  not;  and,  finally,  that  to  distribute  the  appropriations  over  numerou 
points  separated  irom  each  other  by  long  distances  is  to  insure  greater 
ex]>en8e  in  the  use  of  ])lant  and  in  iulministration,  to  po8t|>one  the  re- 
alization of  an}'  benefits  from  the  partiall}'  completed  improvement^ 
and  probably  also  to  have  insuflicient  means  at  all  i)oints,  with  the  disas- 
trous results  that  have  heretofore  attended  that  policy. 

Holding  these  views,  the  Commission  have  determined  to  concentrate 
their  means  and  to  a])]>ly  them  where  there  is  the  best  promise  of  ob- 
taining substantial  benefits  to  the  general  commerce  of  the  United 
States,  at  the  earliest  practicable  dati^,  and  before  the  entire  comple- 
tion of  the  improvement.  Evidently  useful  results  can  be  most  quickly 
obtained  by  imi)roving  the  lower  end  of  the  river,  providing  an  outlet 
to  the  Mississippi.  Engineering  necessities  require  that  the  work 
should  progress  down-stream.  The  initial  point  must,  therefore,  beal 
some  distance  above  the  mouth.  The  Commission  have  selected  Kan- 
sas City,  380  miles  above  the  mouth,  beeause  it  is  the  first  important 
commercial  center  to  be  met  with  in  proceeding  up-stream.  Thej 
would  have  ])referred  an  initial  point  at  a  less  distance  from  the  moatti 
than  386  miles,  but  believing  that  no  very  great  benefit  would  be  con- 
ferred upon  the  commerce  of  the  United  States  before  the  improvement 
shall  extend  from  the  mouth  to  Kansas  City,  they  have  allowed  thelbl- 
lowing  considerations  to  control,  viz,  that  it  was  desirable  to  begin  the 
work  near  a  good  base  of  su]>plies,  and  that  some  detached  work  had 
alrea<ly  been  done  here  under  ])revious  appropriations  which  could  be 
utilizcMl  as  part  of  a  general  scheme  of  improvement. 

The  largiT  portion  of  the  appropriation  for  the  portion  of  the  river 
below  Sionx  City  lias  been  allotted  to  the  works  to  be  executed  at  flud 
brlow  Kansas  City.  Tlie  programme  which  the  Commission  have 
adopt«Ml  is  to  make  the  improvement  continuous,  working  down-strean 
from  Kansas  City  to  the  mouth  of  thi:  river,  applying  all  the  means 
placed  at  their  dis^msal,  as  far  as  possible,  to  this  purpose,  protecting 
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land  and  buildiDg  up  new  banks  as  this  becomes  necessary  for  the 
preservation  of  the  channel. 

It  was  found,  however,  that  at  Saint  Joseph,  Mo.,  a  cut-off  was  threat- 
ened which,  if  made,  would  have  a  far-reaching  and  injurious  effect 
upon  the  stream,  and  that  moreover  there  was  a  considerable  amount 
of  work  there  in  place,  executed  under  former  appropriations,  which,  if 
left  to  itself,  would  be  lost.  These  two  circumstances  combined  seemed 
to  justify  making  an  exception  in  this  case  to  the  general  rules  estab- 
lished, and  it  was  accordingly  determined  to  complete  the  revetment  of 
the  banks  in  this  vicinity.  One  or  the  other  circumstance  alone  occurs 
elsewhere,  but  does  not,  in  the  judgment  of  the  Commission,  justify  a 
departure  from  the  systematic  plan  proposed. 

SIOUX  CITY,  IOWA,  TO  FORT  BENTON,  MONTANA. 

The  second  district  had  been  under  the  charge  of  Gapt.  Edward  Ma- 
guire.  Corps  of  Engineers,  U.  S.  A.,  until  April  15, 1883,  and  after  that 
date  under  Capt.  James  6.  Quinn,  of  the  same  corps. 

In  the  upper  portion  of  this  district  the  Missouri  Biver  flows  through 
a  bed  composed  of  rock  and  gravel.  In  this  rocky  portion  work  can 
be  carriied  on  at  detached  points  with  the  full  expectation  that  each 
obstacle  removed  will  be  of  permanent  benefit  to  navigation.  "So  con- 
tinuous survey  has  ever  been  made  except  for  the  lower  371  miles  be- 
tween Sioux  City  and  Fort  Pierre.  The  works  of  improvement  have 
been  confined  to  the  rocky  portion,  extending  from  Fort  Benton  to  Car- 
roll, a  distance  of  about  160  miles,  with  the  exception  of  some  works  near 
Yermillion,  Dak.,  about  50  miles  above  Sioux  City,  began  in  1879  and 
discontinued  in  1882.  They  have  consisted  of  removing  rocks  from  the 
channel  and  of  the  construction  of  wing-dams,  the  most  prominent  ob- 
structions being  selected  for  removal,  as  funds  from  time  to  time  be- 
came available.  The  first  appropriation  was  made  in  1876.  Others 
were  made  in  each  subsequent  river  knd  harbor  act,  until  the  total 
amount  appropriated  previously  to  July  6,  1884,  was  $290,000.  The 
works  have  greatly  benefited  navigation  and  seem  to  have  covered 
nearly  all  the  ground  to  which  they  are  applicable.  This  fdct,  how- 
ever, cannot  be  ascertained  with  certainty  until  the  river  shall  have 
been  surveyed.  The  Commission  approve  and  adopt  the  plan  hereto- 
fore followed  in  the  "  rocky  river.''  Further  work  in  this  portion  of  the 
stream  will  consist  of  maintaining  the  present  works,  constructing 
others  if  required,  and  of  dredging. 

Below  the  "rocky  river,"  that  is,  below  Carroll,  there  is  a  long  reach 
of  river,  extending  to  Fort  Pierre,  a  distance  estimated  at  about  1,145 
miles,  which  for  engineering  purposes  is  practically  unknown.  Exami- 
nations have  shown  that  the  stream  gradually  assumes  the  sandy  and 
shifting  character  and  giadually  earns  the  title  of  the  "Big  Muddy'' 
which  it  possesses  at  Sioux  City.  They  have  shown  also  that  the  sever- 
ity of  the  climate  and  the  frequency  of  ice  gorges  are  such,  that  the 
devices  employed  in  the  works  at  the  lower  end  of  the  river  may  prove 
to  be  entirely  inapplicable  here.  It  is  the  opinion  of  the  Commission 
that  the  survey  of  this  portion  of  the  river  should  be  pushed  to  comple- 
tion as  rapidly  as  practicable,  but  that  no  extensive  works  of  any  kind 
should  for  the  present  be  undertaken.  They  propose  to  inaugurate  some 
experimental  constructions,  proposed  by  Captain  Quinn,  at  a  character- 
istic section  selected  near  Bismarck,  Dak. 

The  importance  of  continuing  the  survey  of  the  river  has  rendered  it 
necessary  to  allot  to  that  purpose  a  considerable  portion— $25,000— of 
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the  appropriation  now  available.  The  remainder  of  that  fund  will  be 
employed  in  the  purchase  of  a  snag-boat,  a  dredge-boat,  apd  other  plant, 
and  in  continuing  the  present  plan  of  operations  in  the  •* rocky  river.^ 
The  Commission  recommend  that  the  snag-boat  be  kept  at  work  in 
removing  snags  and  other  obstrnctions  fiom  the  present  channel  above 
Sioux  City,  and  the  wing-dams  be  kept  in  repair,  and  the  dredge-l)oat 
be  kept  at  work  in  the  "  rocky  river,'^  and  that  provision  be  made  for 
the  experimental  construction  to  be  undertaken  near  Bismarck.  For 
these  purposes  they  recommend  for  the  Missouri  Rivei  between  Sioux 
City  and  Fort  Benton  an  appropriation  for  the  coming  year  of  $160,000. 

MISSOURI   RIVER    ABOVE  THE  FA1.LS. 

The  Commission  are  informed  that  no  steamboat  has  ever  been  npon 
the  river  above  the  Falls.  This  obstacle,  extending  from  a  point  45 
miles  to  a  point  20  miles  above  Fort  Benton,  completely  and  perma- 
nently cuts  off  the  extreme  upper  portion  of  the  river  from  all  open 
channel  connection  with  the  lower.  Of  the  204  miles  of  river  between 
the  Falls  and  the  headwaters  of  the  Missouri  at  Three  Forks,  131  miles 
have  already'  been  surveyed,  leaving  unsurveyed  the  73  miles  immedi- 
ately below  the  Three  Forks.  There  seems  to  be  no  immediate  netessity 
for  further  surveys  in  this  portion  of  the  river.  The  Commission  have 
ventured  to  suspend  the  expenditure  of  the  appropriation  of  $15,000 
contained  in  the  act  of  July  5,  1884,  until  the  matter  can  again  be 
brought  to  the  attention  of  Congress.  They  recommend  that  the 
amount  be  reappropriated  and  made  available  for  the  general  snn'ey  of 
the  river  from  its  mouth  to  its  headwaters. 

SURVliiYS,  ETC. 

The  continaation  of  the  surveys  and  examinations  contemplated  in 
the  law  organizing  the  Commission  is  a  matter  of  the  first  importance. 
It  has  been  provided  for  during  the  current  year  by  allotments  from 
the  general  appropriations  for  improvements.  But  these  operations, 
however  necessary,  do  not  ofter  tangible  results  in  the  way  of  improve- 
ment, while  tliey  constitute  a  heavy  drain  npon  the  appropriations 
made  for  the  latter  purpose.  It  would  seem  proper  that  they  should 
be  provided  for  separately.  The  same  may  be  said  of  the  traveling  and 
oifice  expenses  and  salaries  of  the  Commission. 

The  Commission  recommend  an  additional  appropriation  of  tl5O,O00 
for  these  objects,  and  they  suggest  the  propriety  of  attaching  this  item 
to  the  sundry  civil  bill,  as  is  done  in  the  case  of  the  Mississippi  River 
Commission. 

PROGRESS  MADE  UNDER  THE  ACT  OF  JULY  5,  1884. 

The  Commission  held  their  iirst  meeting  on  the  2d  of  September, 
1<S84,  that  being  the  earliest  date  at  which  they  could  be  brought  to- 
gether after  the  designation  of  their  president.  The  entire  work  of 
organizing,  securing  the  services  of  disbursing  ofHcers,  going  through 
the  necessary  formalities  of  procuring  the  funds,  making  contracts  for 
materials,  moving  the  plant — that  for  the  river  below  Sioux  City  being 
then  stored  over  4(M)  miles  from  the  initial  point  of  the  work — and  oci- 
lecting  a  large  force  of  laborers  with  a  due  complement  of  skilled  over- 
seers, was  before  it.  It  was  plainly  impracticable  to  perform  these  du- 
ties, even  in  a  hurried  and  unsatisfactory  manner,  in  time  to  accomplish 
any  iniportant  results  before  the  advent  of  winter.  It  was  acconlingly 
determined  to  postpone  the  bc^ginning  of  works  of  construction  until  the 
next  season. 

On  the  7th  of  ( )ctol)er.  First  Lieut.  Walter  L.  Fisk,  Corps  of  Bngi- 
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neers^  Uuited  States  Army,  reported  for  duty  as  secretary  of  the  Cora- 
mission.  Surveying  parties,  under  his  direction,  were  placed  in  the 
field  as  soon  as  practicable,  for  the  purpose  of  establishing  permanent 
bench-marks  and  triangulation  stations  between  Kansas  City  and  the 
mouth  of  the  river,  this  work  being  necessary  to  complete  the  surveys 
already  mad^  in  that  region.  Details  of  the  progress  made  in  this  work 
will  be  foun<l  in  the  report  of  Lieutenant  Fisk,  hereto  appended,  marked 
Appendix  A. 

A  resurvey  of  a  portion  of  the  river  bank  near  Kansas  City,  for  pur- 
poses of  comparison,  was  ordered,  the  results  of  which  have  not  yet 
been  received. 

In  response  to  a  letter  complaining  that  the  bridge  at  Boonville,  Mo., 
was  a  serious  obstruction  to  navigation,  the  secretarj'^  of  the  Commis- 
sion was  directed  to  investigate  the  matter.  His  report  is  hereto  ap- 
pended, marked  Appendix  B,  from  which  it  appears  that  the  complaint 
was  not  well  grounded. 

Under  date  of  October  24,  1884,  Capt.  James  B.  Quinn,  Corps  of  En- 
gineers, United  States  Army,  was  detailed  by  the  War  Department  to 
take  charge  under  the  Commission  of  the  improvement  of  the  river 
above  Sioux  City,  taking  station  at  Saint  I^aul,  Minn.  Application  has 
been  made  to  the  War  Department  for  the  detail  of  an  engineer  officer, 
to  take  station  at  Kansas  City,  to  take  charge  of  the  works  between 
Sioux  City  and  the  mouth.  The  officers  in  charge  of  districts  and  the 
secretary  of  the  Commission  are  its  disbursing  officers.  They  receive 
instructions  as  to  the  general  execution  of  plans  and  details  of  work 
from  the  Commission,  but  in  all  matters  relating  to  money  accounts 
they  report  to  the  Chief  of  Engineers  direct. 

It  is  expected  that  the  organization  and  other  necessary  preparations 
will  be  fully  completed  during  the  present  winter,  and  that  everything 
will  be  in  readiness  for  beginning  the  works  of  construction  in  the  spring. 

A  detailed  statement  of  all  the  expenditures  of  the  Commission  to  = 
December  1,  1884,  is  hereto  appended,  marked  Appendix  C. 

RECOMMENDATIONS. 

The  following  is  a  recapitulation  of  the  foregoing  recommendations : 

(1)  Appropriation  for  the  improvement  of  Missouri  River  from  its  mouth 

to  Sioux  City $1,000,000 

(2)  Appropriation  tor  the  improvement  of  Missouri  River  from  Sioux  City 

to  Fort  Benton 160,000 

(3)  Reappropriation  for  the  survey  of  the  Missouri  River,  from  its  mouth 

to  its  headwaters,  of  the  item  of  $15,000,  appropriated  in  the  act  of 

July  5,  1884,  for  survey  of  river  above  the  Falls 15,000 

(4)  Appropriation  for  survey,  examinations,  and  investigations,  and  for 

traveling  and  ottice  expenses  and  salaries  of  the  Commission,  with 
the  suggestion  that  this  item  he  attached  to  the  sundry  civil  bill,  as 
in  the  case  of  the  Mississippi  River  Commission 150,000 

Respectfully  submitted, 

Chas.  R.  Suter, 
Major  of  Engineers^  U.  8.  A., 
President  Missouri  River  Commission, 

A.  Mackenzie, 
Major  of  Engineers^  U.  &  A. 
O.  H.  Ernst, 

Major  of  Engineers. 
G.  C.  Broadhead. 
William  J.  Bboatgh. 
The  Hon.  Secretary  of  War. 

(Through  the  Chief  of  Engineers,  U.  S.  A.) 
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Appendix  A. 

United  States  Enoikebr  Office, 

Saint  Louie f  Mo,,  December  1,  1884. 

Sir  :  I  bavo  the  honor  to  submit  the  following  report  of  progress  made  since  I  r»- 
port«d  for  duty  October  7, 1884,  ou  '*  Additional  surveys  and  establishnent  of  perms- 
ucnt  boncb-iuarks,''  authorized  bv  resolution  of  the  Commission  adopted  September  4, 
1884. 

No  previous  report  has  been  submitted,  because  the  only  work  done  before  Novem* 
ber  1  was  the  partial  repairing  of  the  steamer  Missouri,  which  was  under  way  when 
I  reported,  and  the  survey  of  the  Missouri  River  in  the  vicinity  of  Kansas  City,  Mo., 
which  the  Commission,  while  in  Kansas  City,  on  the  9th  of  October,  directed  Mr.  Yonge 
to  make,  and  of  which  no  report  has  yet  been  received. 

The  repairs  of  the  '^Missouri''  were  completed,  and  the  boat  reached  Glasgow,  Mo., 
on  Saturday,  November  8,  where  the  permanent  bench-mark  party,  under  Assistant 
Engineer  D.  W.  Wellman,  joined  her  on  Monday,  November  10. 

To  this  party  has  been  assigned  the  work  of  establishing  linos  of  permanent  bench- 
marks across  the  valley  of  the  river  at  average  intervals  of  about  5  miles,  the  trani- 
ferring  of  levels  from  existing  bench-marks  to  them,  and,  in  addition,  the  work  of 
building  stations  and  clearing  lines  for  the  triaugulation  parties,  as  the  steamer  fa^ 
nishes  convenient  transportation  and  quarters  for  the  necessary  men  and  materials. 

The  bench-marks  and  triaugulation  stations  are  similar  to  those  used  by  the  Mif- 
sissippi  River  Commission,  and  described  in  their  annual  report  for  1883,  p.  164.  The 
organization  and  pay  of  this  party  are  as  follows,  viz : 

Permanent  bench-mark  party : 

1  assistant  engineer  in  charge,  at  $200  per  month fSOO 

2  assistant  engineers,  At  $100  per  mouth , SOO 

2  assistant  engineers,  at  $90  per  month 180 

5  rodmen,  at  $40  per  month 200 

6  laborers,  at  $30  per  month 180 

fMQ 

Erecting  triaugulation  stations : 

2  foremen,  at  $50  per  month 100 

2  reconlers,  at  $40  per  month 80 

4  laborers,  at  $30  per  month ISO 

Steamer : 

1  pilot,  at  $150  per  month 150 

1  steward  and  clerk,  at  $100  per  month 100 

1  engineer,  at  $100  per  month 100 

Imate,  at  $60  per  month 60 

1  carpenter,  at  $60  per  month 60 

1  watchman,  at  $45  per  month 45 

1  fireman,  at  $40  per  month 40 

4  deckhands,  at  $30  per  month 1)10 

1  cook,  at  $50  per  month 50 

1  cook,  at  $30  per  month 30 

1  waiter,  at  30  per  month 30 

2  waiters,  at  $25  per  month i 60 

1  laundress,  at  $20  i>er  month 20 


Fuel  for  steamer  (estimated) 180 

Subsistence 


Total 12,885 

The  last  report  received  from  this  party,  that  for  the  week  ending  Novembers 
shows  three  line^  of  bench-marks  established,  and  several  observing  ■tations  repaired 
for  the  use  of  the  triungulation  parties. 

It  is  not  expected  the  number  of  bencli-marks  in  any  line  will  exceed  fimr;  of  thflN 
already  n?p«)rted  two  lines  have  three  each  and  the  other  only  two. 

The  bench-marks  are  furnished  at  the  price  iiaid  by  the  Mississippi  River  Gob- 
mission. 

The  secondary  triaugulation  parties  did  not  get  into  the  field  until  the  17th  of  Ko- 
venibcr,  as  a  suital)leman  to  take  charge  of  the  work  was  not  obtained  onUl  NoviS- 
ber  I'J,  when  Mr.  O.  B.  Wheeler,  late  of  the  United  States  Lake  Survey,  reported  for  tM 
duty. 
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The  orgaDizatioD  and  pay  of  these  parties  are  as  follows,  viz: 

1  aBsistant  engineer,  in  cliarge,  at  $220  per  month $220  00 

1  assistant  engineer,  at  81^2.50  per  month 1(12  50 

1  assistant  engineer,  at  ^137.r>0  per  month 1:^7  ^tO 

2ro<imen,  at  $76  per  month '. 140  00 

1  rodman,  at  §57.50  per  month 57  50 

2  teamsters  each,  with  horse,  at  $75  per  mouth 150  00 

8867  50 

The  assistant  in  charge  has  general  supervision  of  the  work,  and,  with  the  junior 
rodman  to  assist  him,  locates  his  stations  in  advance  of  the  party  on  the  steamer  that 
the  latter  may  erect  them  without  delay.  On  each  bank  is  an  observing  party,  con- 
sisting of  an  observer,  a  rodman,  and  a  teamster,  who  occupy  the  stations  on  their 
own  side  of  tlie  river  and  <'ommunicate  with  the  opjwsite  party  by  signals. 

The  two  tine  Trougliton  &  Simms  instruments,  used  by  these  parties  belong  to  and 
are  kindly  loaned  by  the  Mississippi  River  Commission,  as  are  the  steel  tape  for  meiis- 
uring  base-line  and  the  observing  tents. 

In  order  to  take  i>roper  care  of  the  expensive  borrowed  instruments,  two  covered, 
spring,  single  wagons  were  purchased  at  a  cost  of  $181,  delivered  at  Glasgow,  Mo. 
The  other  instruments  w^ere  furnished  from  those  on  hand. 

As  triangulation  stations  had  been  located  and  built  from  Glasgow,  Mo.,  dowu  to 
Boonville,  Mo.,  before  thQ  organization  of  the  Missouri  River  Commission,  the  former 
was  selected  as  the  point  of  beginning  for  both  triangulation  and  bench-mark  work. 
Very  respectfully,  your  obedient  servant, 

W.  L.  FiSK, 
Lieutenant  of  Engineers, 
Secretary  MisMuri  River  CommxBsion, 
Maj.  Chas.  R.  StiTER, 

Corps  of  Engineers,  V,  S,  J., 

President  Missouri  River  Commission. 


Appendix  B. 

United  States  Engineer  Office, 

Saint  Louis,  Mo,,  October  30,  1884. 

Sir  :  I  have  the  honor  to  report  that  in  compliance  with  the  resolution  of  the  Mis- 
souri River  Commission,  adopted  October  7,  1884,  instructing  me  ^' to  examine  the 
bri«lge  at  Boonville,  in  response  to  the  letter  of  William  Young,  dated  September  22, 
and  report  the  condition  of  the  same  to  the  president  of  the  Commission  as  soon  as 
possible  for  immediate  action,"  I  went  to  Boonville  on  the  24th  instant. 

Previous  t<»  going  a  copy  of  the  resolution  was  sent  to  Mr.  Hoxie,  third  vice-presi- 
dent of  tlio  Missouri  Pacific  Railroad,  and  the  time  decided  upon  for  making  the  in- 
spection was  mentioned,  to  enable  the  railroad  company  to  have  a  representative 
present. 

A  very  promi)t  reply  was  received,  stating  that  Mr.  R.  M.  Peck,  superintendent  of 
bri<lgcs  and  buildings,  would  meet  me  there. 

Mr.  re<k  went  up  on  the  same  train  with  me,  and  explained  that  the  work  com- 
plained of  must  be  the  false  works  erected  under  the  south  span  to  enable  them  to 
complete  the  rebuilding  of  the  bridge,  the  other  spans  having  already  been  rebuilt 
without  complaint. 

The  false  works  consist  of  trestles  of  cypress  piling,  resting  on  the  rock  bottom  of 
the  river,  and  placed  at^  intervals  of  about  12  feet  under  each  floor-girder. 

At  tlic  north  end  of  the  sjjan  they  started  to  throw  in  rock  to  secure  the  bottoms  of 
tht^  trestles  from  being  moved  by  drift,  but  stopped  after  putting  in  one  car-load. 
The  <le])th  of  water  at  this  place  was  said  to  be  25  to  27  feet,  the  gauge  reading  at 
the  time  about  H  feet. 

I  endeavore<l  to  see  Mr.  Young,  but  as  he  was  several  miles  from  home,  at  the  house 
of  a  relative,  was  unable  to  do  so. 

I  saw  Captain  Porter,  owner  of  the  ferry  at  Boonville,  but  he  did  not  know  any 
complaint  had  been  nuide,  nor  had  he  heard  any  one  ever  suggest  that  the  work  at 
the  bridge  woubl  have  any  injurious  effect  upon  navigation  or  the  harbor  there,  and 
refer  re  I  me  to  Captain  Mcl*herson,  who,  as  the  only  man  in  Boonville  owning  boats 
running  up  and  down  the  river,  was  most  interested.  The  latter  expressed  surprise 
that  complaint  had  been  made,  and  corroborated  Captain  Porter's  statements,  adding 
tliat  Mr.  Young  had  been  on  the  river  very  little  of  late  and  then  only  on  his  (Cap- 
tain McPherson's)  boats. 
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Mr.  Peck  stat'CH  that  the  piling  will  bo  entirely  removed  when  they  finish  work  on 
the  bridge,  probably  within  the  next  two  weeks.  Mr.  Yonng's  compLaiuty  I  think, 
must  have  been  due  to  a  niisa])preheusion  of  the  railroad  company's  work. 

I  returned  to  the  city  on  the  2r)th  instant. 

Very  respectfully,  your  obedient  servant,  ' 

W.  I..   I'lHK, 

First  Lieutenant  of  Engineers,  Secretary  Atis9ouri  Biver  CommisiUm. 

Maj.  CUARLKS  R.  SUTER, 

Corps  of  Engine*  rSy  U,  S,  A.j  President  Miswuri  River  CommissUm, 


Appendix  C. 

United  States  Enoinbkb  Officb, 

Saint  Louis,  Mo.,  Deeemher  9,  18d4. 

Sir  :  I  have  the  honor  to  inclose  herewith  itemized  statements  of  expenditiiree  to 
December  1,  1884,  under  the  various  allotments  made  by  the  Commission,  aud  as- 
signed to  lue  for  disbursement. 

Very  respectfully,  your  obedient  servant, 

W.  L.  Fi8K, 
First  Lieutenant  Engineers,  Secretary  Missonri  Biver  Commiiaion. 

Maj.  CiiAS.  K.  SuTER, 

Corps  of  Engineers,  V,  S,  A.,  President  Missouri  Biver  Commiaaion, 


Allotment  for  tare  of  plant  heloxc  Sioux  City,  loica,  preservation  and  observaiion  ofgaagm 

and  collection  and  compilation  of  physical  data. 


[Itemized  Bt.itcment  of  cxpcndituren  to  November  30, 1884,  inclaeiTe.] 


Pay-rolls 


13 


Unpiid. 
422  49 


Supidies 191  « 

Gauges ®  00 

Liubiliticri  to  be  turned  over  by  Major  Sutor,  estimated 1, 077  59 

Total $4,776  38 


Sl'MMAUY. 

Totjil  allotment 925,000  00 

Expenditures  to  November  \iO,  \S:iA,  iuelusivo 4,776  9 


]>alanco  December  1,  18S4 


.t20,223GS 


Allotment  for  ojfice  expenses,  traveling  expenses,  and  salaries  of  CommtMiOR. 
[Itemizc4l  statement  of  ('xpenditurcnto  ^'ovemb«r  80,  1884,  indiisive.J 


Siibjectfl  of  fxpeiiditure. 


Salarii'H 

Otlico  furniture 

Gas-Dxturi'D 

Traveling  i-xpeuHCs  uud  mileaj^o 

StutioDcrv 

Fuel  ....' 

TelcCTams 


Total 


Paid.      ;    Uopaid. 


TotaL 


$1, 055  56  !        $4ie  68  <      $l,47S  8 


75  60 


85.3  28  ! 
62  70  . 
31  46 
1  13 


121  75 

88  70 

186  56 

241  84 


85 


1.570  63  1      1,056  85 


ism 
n 


804M 

8141 

IH 


X6M4S 


SUMMAKY. 


Total  allotment 

Cash  diposit,  »a\e  uf  fuel  tu  oflicviH. 


U 


Total 80^015 


Expeu<IitureH  to  Ifovember  30,  1884,  inclusive 
Balance  December  1,  1884. 


817,818  0 
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Allotmtnt  for  additional  surveys  and  establishment  of  permanent  bench-marks  helow  Sioux 

City. 

[Itemized  statemeut  of  expenditures  to  November  80, 1884,  inolative.] 


Sabjecte  of  expenditure. 


Paid. 


PaT-rolls 

Subsistence  stores 

Outfit  of  parties , 

Outfit  of  steamer  Missouri  : 

Medical  Hupplies 

Other  supplies 

Bench-marks  and  stations 

Material  for  repair  of  steamer 

Kepairs  of  instruments 

Transportation  of  Instruments : 

Stationery 26  00 

Traveling  expenses I      162  75 


$2,161  23 
862  11 
252  28 

11  47 

12  15 
46  39 
57  00 

489  74 
6  25 


Total i  4,038  22 


1 

Unpaid. 

$2,080  91 
160  10 

65  07 
550  70 

18  85 

30  30 

2,005  93 

Total. 


$4,242  14 

1,022  21 

252  28 

11  47 

12  15 
111  46 
608  60 
489  74 

6  25 

18  85 

26  OU 

108  05 

6,9U  15 


SUMMABY. 

Total  allotment  .   $25,000*  00 

Expenditures  to  November  30,  1884,  inclusive 6, 944  15 

Balance  December  1.  1884 $18,055  85 

Allotment  for  purchase  of  a  tow-boat, 

[Itemized  statement  of  expenditures  to  November  30,  1884,  inclusive.] 

Total  allotment ^,000  00 

Expenditures  to  November  30,  1884,  iuclusive 0  00 

Halanre  December  1,  1884 $25,000  00 


XX  2. 


REPOKT  FOR  18a'>. 


Missouri  River  Commission, 

Saint  Louis,  Mo.,  October  13,  1885. 

8iR:  The  Missouri  River  Coniraission  have  tbe  honor  to  submit  here- 
%vith  their  annual  report  for  the  fiscal  year  ending  June  30,  1885. 

The  hist  annual  n»i)ort  of  the  Commission,  dated  December  9,  1884, 
detailed  the  action  of  the  Commission  and  the  expenditures  under  their 
diieitlon  to  December  1, 1881.  The  report  also  defined  the  preliminary 
recommendations  of  the  Commission,  the  plans  adopted  for  the  improve- 
ment of  the  river,  and  the  operations  contemplated  for  the  current  sea- 
son. 

These  may  be  briefly  recapitulated  as  follows : 

(1)  For  the  up])er  river,  viz,  between  Fort  Benton  and  Sioux  City: 
To  continue  on  the  rocky  portion  of  the  river,  that  is,  above  Carroll, 
the  construction  of  wing  dams  and  dredging  of  shoals,  while  below  Car- 
roll oi)enitions  were  to  be  limited  to  snagging  and  some  experimental 
dams  to  be  built  near  Bismarck. 

(2)  For  the  lower  river,  viz,  between  Sioux  City  and  the  mouth :  To 
extend  certain  works  of  protection  already  in  position  near  Saint  Jo- 
seph, Mo.,  and  to  begin  near  Kansas  City  the  systematic  improvement 
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of  the  river  wliicli  is  designed  to  progress  continuonsly  down-stream,  tbe 
object  sought  being  to  establish  a  stable  regimen  with  approximate 
uniformity  of  width,  depth,  and  slope. 

(3)  To  execute  further  surveys  on  the  upper  portion  of  the  river,  to 
extend  a  system  of  triangulatiou  over  the  lower  portion,  and  to  estab^ 
lish  permanent  bench-umrks  for  future  reference,  and  to  connect  with 
surveys  already  made. 

(4)  The  Commission  recommended,  to  carry  on  the  works  thus  out- 
lined, that  the  following  appropriations  be  made : 

Appropriation  f(tr  tbo  iiii])roveinciit  of  MiBaonri  River  from  its  month  to 

Sioux  City $1,000,000 

Appropriatiou  for  the  iiiiproviMneDt  of  MisHouri  River  from  Sioux  City  to 

Fort  Benton 160,000 

Reappropriation  for  the  Hurvoy  of  the  Missonri  River  from  its  month  to 
its  iieadwaters  of  the  iti'ui  of  $15^01)0  appropriated  in  the  act  of  July  5, 
iy84,  for  survey  of  river  above  the  Falls :  15,000 

AppropriatioH  for  survey,  exainiuationH,  and  investigations,  and  for  trav- 
eling and  office  expenses,  and  salaries  o{  the  ComniissioD)  with  the  Bug- 
gestion  that  this  item  be  attached  to  the  sundry  civil  bill,  oa  iu  the 
case  of  the  Mississippi  River  Commission 150,000 

From  the  appropriations  under  their  control,  the  Commission  made 
allotments,  which  were  approved  by  the  Secretary  of  War,  as  follows: 

LIST  OF  ALLOTMENTS. 

From  appropriation  for  improving  Missouri  River  from  its  mouth  to  Sioax 
City,  Iowa,  act  of  July  5, 1884 $500.000  00 

For  office  expenses,  traveling  expenses,  and  salaries  of  Com- 
mission   120,000  00 

For  additional  surveys  and  establishment  of  permanent  bench- 
marks below  Sioux  City 35,000  00 

For  care  of  plant,  preservation  and  observation  of  gauges, 

and  collection  and  compilation  of  physical  data 85,000  00 

For  purchase  of  tow-boat 25,000  00 

For  improving  Missouri  River  in  the  vitjinity  of  Kansas  City, 
Mo 300,000.00 

For  improving  Missouri  Kiver  in  the  vicinitv  of  Saint  Joseph, 

Mo \ 105,000  00 

500,000  0» 

From  appropriation  for  improving  Missouri  River  from  Sioux  City,  Iowa, 

to  Fort  Benton,  Mont.,  act  of  July  5,  1884 1S5,000  00 

For  office  expenses  and  expeuHcs  of  Commission fn,  000  00 

For  surveys  between  Fort  Benton,  Mont.,  and  Sioux  City, 

Iowa 25,000  00 

For  otlice  and  inspection  expouKes  of  district  officer 6,500  00 

For  work  below  Fort  Benton,  Mont :M),  000  00 

For  XMirchase  and  rej»air  of  plant 58, 500  00 

125,000  00 

^^^^^^^^^^^^^^■^■^^^^^^ 

From  api»ropriation  for  improving  Missouri  River  from  Sioux  City,  Iowa, 
to  Fort  Benton,  Mont.,  act  of  August  *2,  18>^'*2,  unexpended  balance  De- 
cember 1,  1884 4,000  00 

For  office  and  inspection  expenses  of  district  officer $2,000  00 

For  purchase  and  repair  of  plant 2,000  00 

4,000  00 

From  appropriation  for  survey  of  Missouri  River  from  it*  mouth  to  Fort 
Benton,  Mont.,  act  of  August  ii,  18f<!L*,  unexpended  balance  December 
1,  18<1 8,844  39 

0\vin<j;  to  the  late  dnto  at  which  these  preliminarj'  matters  were  8e^ 
tied,  the  Coiiiiinssion  judged  it  expedient  to  suHpeiid  thecommencemeBt 
of  the  field  work  of  iniproveinent  till  after  the  resumption  of  navigation 
in  the  spring:  of  ISSfi,  and,  until  that  period,  all  operations  nndfer  thii 
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head  were  confined  to  caring  for  public  property  and  the  construction 
and  repair  of  plant.  Surveying  parties  were  kept  in  the  field  all  win- 
ter, and  at  the  office  of  the  Commission  work  was  in  progress  on  the 
compilation  and  reduction  of  physical  data  already  on  hand. 

SURVEYS. 

A  general  survey  of  the  river  had  been  in  progress  for  several  years 
before  the  organization  of  the  Commission,  and  had  reached  Fort  Pierre, 
Dak.,  1,174  miles  from  the  mouth  of  the  riyer.  This  survey,  though 
excellent  in  character,  had,  owing  to  insufficient  means,  been  carried  on 
without  leaving  a  sufficient  number  of  durable  monuments  which  would 
enable  comparisons  to  be  made  with  its  maps  in  future  years.  To  rem- 
edy this  deficiency  it  was  decided  to  extend  a  system  of  secondary  tri- 
angulation  along  the  river  valley,  the  stations  being  located  on  the 
bluflfs  and  permanently  marked.  In  addition  to  this,  lines  of  perma- 
nent bench  marks  are  to  be  located  across  the  valley  at  intervals  of 
about  5  miles,  their  direction  being  as  nearlj'  as  possible  normal  to  the 
stream.  These  lines  are  connected  with  thetriangnlation  stations,  and 
are  also  located  accurately  on  the  maps  of  the  existing  survey.  Their 
elevation  is  also  determined  by  connection  with  the  established  line  of 
levels.  It  is  expected  that  a  sufficient  number  of  durable  reference- 
points  will  thus  be  furnished  to  enable  future  surveys  to  be  connected 
without  trouble  with  the  work  done  heretofore. 

The  work  of  locating  these  bench-marks  was  begun  at  Glasgow,  Mo., 
November  12,  1884,  and  ended  December  16,  at  Boonville,  Mo.,  a  dis- 
tance of  30  miles  having  been  covered,  and  eight  lines  of  reference 
stones  having  been  placed  and  located. 

The  triangulation  began  at  the  same  date  at  Glasgow,  Mo.,  and  was 
kept  up  all  winter.  On  May  13  it  had  progressed  down-stream  176 
miles  to  Tavern  Kock,  50  miles  from  the  mouth  of  the  river,  where  it 
closed  on  a  station  of  the  Coast  Survey. 

In  the  spring  preparations  were  made  for  carryingon  the  survey  of  the 
upper  riv(T,  which,  on  account  of  the  necessity  for  early  information,  it 
was  decided  to  commence  at  Fort  Benton  and  carry  down  to  a  junction 
with  the  work  already  done  below  Fort  Pierre.  Owing  to  the  failure  of 
the  river  and  harbor  bill  it  was  found  impossible,  with  the  funds  avail- 
able, to  make  this  survey  as  complete  or  extensive  as  originally  in- 
tended. It  is  designed  this  year  to  carry  on  the  triangulation,  levels, 
and  bench-mark  location,  all  of  which  work  is  preliminary,  leaving  thd 
topography  and  hydrography  to  be  supplied  in  the  future.  The  party 
organized  for  this  purpose  was  collected  at  Bismarck,  Dak.,  June  1,  and 
at  the  date  of  June  30  were  still  on  the  way  to  Fort  Benton.  They  were 
expected  to  begin  work  about  July  5,  and  to  remain  in  the  field  until 
October  1.  The  total  distance  from  Fort  Benton  to  Fort  Pierre  is  about 
1,008  miles,  and  230  miles  will  probably  be  covered  this  season.  Dur- 
ing the  year  seventeen  gauges  have  been  kept  up  on  the  river  and  their 
readings  recorded. 

Work  in  the  office  has  been  mainly  devoted  to  the  compilation  and 
reduction  of  physical  data,  of  which  a  large  amount  was  on  hand,  but 
not  available  tor  study.  (For  further  details  see  Appendices  A,  A  1, 
and  A  2.) 

FIRST   DISTRICT. 
MOUTH   OF   RIVKR  TO   SIOUX   CITY. 

In  the  early  part  of  the  winter  the  plant  pertaining  to  this  work  was 
collected  for  safe  keeping  at  Saint  Joseph,  Mo.,  Kansas  City,  Mo.,  and 
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at  Bushberg,  near  Saint  Louis,  under  the  direction  of  the  seopetazy  of 
the  Commission,  and  fifteen  additional  barges,  100  by  25  feet,  wen 
ordered  for  the  work.  January  21,  the  Secretary  of  War  directed  that 
Maj.  Ghas.  B.  Suter,  Corps  of  Engineers,  17.  8*  A&,  be  assigned  to  the 
charge  of  this  work,  with  headquarters  at  Saint  Louis.  Daring  the 
winter  preparations  were  made  for  beginning  work  as  soon  as  naviga- 
tion was  safe  from  interruption  by  ice.  In  March,  at  Saint  Joseph  and 
Kansas  City,  repairs  were  begun  to  the  plant  stored  at  those  places, 
and  in  April  the  moving  of  the  new  plant  from  Bushberg  to  Kansu 
Cit>'  and  Saint  Joseph  was  begun.  This  latter  work  consumed  much 
time.  Three  tow-boats  were  continuously  employed  till  the  end  of  Jane, 
and  the  last  tow  reached  the  works  late  in  July.  A  total  of  eighty-one 
pieces  was  sent  up  the  river  in  eighteen  tows.  Up  to  the  end  of  June 
only  the  old  plant  was  available  for  work. 

The  field  work  of  improvement  has  been  carried  on  near  Saint  Joseph 
and  Kansas  City. 

At  the  former  ])lace  the  Commission  decided  to  repair  the  revetment 
constructed  in  previous  years  on  the  right  bank  of  the  river,  near  El- 
wood,  Kaus.,  and  opposite  Saint  Joseph ;  and  also  to  revet  the  left 
bank  of  Bouton  Bend,  in  order  to  prevent  a  threatened  cat-off  throagh 
French  Bottom. 

Work  was  begun  in  April  on  the  breaks  in  the  El  wood  revetment, 
and  an  aggregate  of  940  feet  of  woven  willow  mattress  was  constructed 
and  Kuuk.  Work  was  then  begun  on  the  Bonton  Revetment,  and  prose- 
cuted until  temporarily  suspended  June  12,  owing  to  the  high  stage  of 
the  river,  after  776  feet  of  mattress  had  been  constructed  and  sank. 
During  the  balance  of  the  seasou  it  is  intended  to  extend  this  revet- 
ment about  10,000  feet,  which  is  all  the  available  funds  will  justify. 

At  Kansas  City,  which  the  Commission  have  selected  as  the  initial 
point  of  the  general  improvement  of  the  river,  it  was  decided  to  revet 
the  caving  banks  in  Parkville,  Quindaro,  and  Kaw  bends,  as  a  prelim- 
inary to  extending  the  work  down  the  river.  The  failure  of  the  river 
and  harbor  bill  will  prevent  the  completion  even  of  these  preliminary 
works  (luring  the  present  season.  As  early  as  possible  the  plant  at 
Kansas  City  was  got  in  readiness,  and  work  was  begun  April  17  at  the 
upper  end  of  Kaw  lieiid.  Work  was  prosecuted  under  many  difficulties, 
but  by  tlie  end  of  June  a  length  of  «S,0()0  feet  of  caving  bank  bad  been 
revettt'd.  During  the  remainder  of  the  season  it  is  ex[)ected  that  the 
work  will  ])rogress  much  more  rapidly,  the  new  plant  being  available, 
an<l  by  November  the  revetments  in  Kaw  and  Quindaro  bends  will  prob- 
ably be  completed,  and  the  funds  at  the  disposal  of  the  Commission  ex- 
hausted. 

Kor  details  of  the  work  of  construction  the  Commission  beg  to  refer 
to  tlio  reports  of  the  district  oilicer  and  his  assistants. 

(Aj)peudices  1>,  Bi,  Bo,  B3.) 

SECOND   DISTRICT. 
SlOrX   CITV   TO  FOUT  BENTON. 

This  work  has  been  in  charge  of  Capt.  James  B.  Quinn,  Corps  of  En- 
gineers, I  J.  S.  A.,  with  lieadquarters  at  Saint  Paul,  Minn. 

AVork  in  this  district  prior  to  .Tune  30  has  been  limited  to  prepara- 
tions for  work  during  tlie  coming  season.    The  steamer  Josephine  was 
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purchased  and  fitted  up  as  a  suag-boat,  and  a  dredge  and  five  barges 
are  being  constructed.  The  steamer  Emily,  belonging  to  the  work,  wafi 
sunk  by  ice  at  Bismarck  last  winter.  Daring  the  coming  season  work 
will  be  confined  to  repair  and  construction  of  dams  and  the  dredging  of 
shoals  on  the  rocky  portion  of  the  river.  For  details,  see  report  of 
district  officer  (Appendix  C). 

RECOMMENDATIONS. 

The  plan  of  improvement  adopted  by  the  Commission  for  the  lower 
portion  of  the  river  contemplates  a  reduction  of  width  of  water-way 
sufficient  to  insure  stability  of  regimen  and  approximate  uniformity  of 
slope,  width,  and  depth.  The  Commission  are  satisfied  of  th^  engineer- 
ing feasibility  of  this  improvement  and  of  the  great  benefits  likely  to 
follow  its  completion,  but  they  are  not  prepared  to  estimate  its  cost. 
To  do  so  they  are  of  the  opinion  that  the  experiment  should  be  tried  on 
an  extensive  scale  and  with  ample  means,  so  as  to  cover  a  considerable 
length  of  river  and  insure  the  completion  of  any  work  undertaken. 
They  consider  that  for  this  purpose  annual  appropriations  of  not  less 
than  $1,000,000  should  be  made. 

For  the  upper  river  the  Commission  recommend  that,  for  the  present, 
work  be  mainly  confined  to  the  construction  of  dams  and  dredging  of 
shoals  on  the  "rocky  river''  above  Carroll.  Below  that  point  the  snag- 
boat  should  be  ke])t  at  work  removing  obstructions,  and  funds  should 
be  provided  therefor.  For  these  purposes  and  for  certain  experimental 
dams  to  be  constructed  near  Bismarck  the  Commission  recommend  an 
ap))ropnation  of  $100,000. 

For  continuing  the  survey  of  the  river  and  for  obtaining  the  data 
necessary  for  a  proper  study  of  the  important  interests  committed  to 
their  charge,  the  Commission  recommend  that  a  separate  appropriation 
be  made,  which  shall  also  provide  for  the  salaries  of  the  commissioners 
and  for  ollice  and  traveling  expenses.  For  this  purpose  the  sum  of 
$150,000  is  recommended,  with  the  suggestion  that  it  be  attached  to  the 
sundry  civil  bill,  as  has  heretofore  been  done  in  the  case  of  the  Missis- 
sippi Kiver  Commission. 

In  the  last  river  and  harbor  bill  an  item  of  $15,000  was  appropriated 
for  a  survey  of  the  Missouri  liiver  above  Fort  Benton.  As  the  Com- 
mission have  not  been  able  to  ascertain  that  any  present  necessity  exists 
for  such  a  survey,  they  have  taken  no  steps  to  expend  the  money,  and 
they  respectfully  renew  their  recommendation  of  last  year  that  it  be  re- 
approi)riated  and  nuide  available  for  the  survey  of  the  river  below  Fort 
Benton. 

Tiie  reconiinendiitions  of  the  Commission  for  the  year  ending  June  30, 
1887,  are  recapitulated  as  follows : 

(1)  Approjniatioii  for  the  improvemeut  of  Missouri  River  from  its  mouth 

to  JSioux  City $1,000,000 

{"2)  Apj)ropriatioii  for  the  improvement  of  Missouri  River  from  Sioux  City 

to  Fort  lieiitoii 160,000 

(3)  Ixeap])ropriati(ni  for  the  survey  of  the  Missouri  River  from  its  mouth 

to  its  headwaters  of  the  item  of  §15,000,  appropriated  in  the  act  of 

July  5,  \S^-\,  for  survey  of  river  above  the  FaUs 15,000 

(4)  Appropriation  for  survey,  examinations,  and  investigations,  and  for 

traveling  and  ofHce  expenses,  and  salaries  of  the  Commission,  with 
the  su«x^estion  that  this  item  be  attached  to  the  sundry  civil  bill, 
as  in  the  case  of  the  Mississippi  River  Commission 150,000 
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MONEY  STATEMENT. 

Arailable  Doceiubcr  1,  1884,  and  received  since  to  June  30, 1885  : 

Appropriation  for  Hiirvey  of  MiHSouri  River  from  its  mouth  to  Fort 

Benton,  Mont.,  act  of  August  *2, 1882 8,??44  'JS 

Api>ropri»tioD  for  improving  Missouri  River  from  Sioux  City,  Iowa, 

to  Fort  Henton,  Mont.,  act  of  August  2,  1882 4,000  00 

Appropriation  for  improving  Missouri  River  from  it-s  mouth  to  Slouz 

City,  Iowa,  act  of  July  5,1884 485,658  05 

Appropriation  for  inij)roving  Missouri  River  from  Sioux  City,  Iowa, 

to  Fort  Benton,  M»nt.,  actof  July  5,  lb84 125,000  00 

Appropriation  for  survey  of  the  Missouri  River  above  Miaaouri  River 

Falls  at  Fort  Benton,  Vet  of  July  5,  1884 15,000  00 

From  sales  of  fuel  to  officers 112  10 

Total 638.614  54 

Expended  from  December  1, 1884,  to  June  ^,  1885,  exclusive  of 
outHtanding  liabilities  December  1, 1884  : 

By  iirst  district  officer (05,461  ;i3 

By  second  district  ofticer 55, 041  79 

By  the  secrotai-y  of  the  Commission 71, 962  83 

192,466  15 

Outstanding  liabilities  July  1, 1885: 

Of  iirst  district  officer 916,861  60 

Of  second  district  officer 9, 928  74 

Of  the  secretary  of  the  Commission 4, 165  88 

30,956  22 

223,422  37 

Balance  available  July  1,1885 |415,192  17 

Respectfully  submitted. 

Ghas.  B.  Suteb, 
Major  o/Engineer$j 
President  Missouri  River  Cammissian. 

A.  JklAOKENZIS, 

Major  of  Ungineen. 
O.  H.  Ebnst, 

Major  of  Engineers, 
G.  G.  Bboadhead. 
William  J.  Broatoh. 

The  Hon.  Secretary  of  War. 

(Through  the  Chief  of  Engineers.  U.  S.  A.) 
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Appendix  A. 

annual  report  of  tiik  secretary  of  the  commi8siox. 

Missouri  Rivkk  Commission^ 
Sainf  LonUt,  \fo,y  f.Mober  t>,  I6.*i». 

Major  :  I  have  the  honor  to  submit  annual  report  on  work  in  charge  of  the  secre- 
tary from  Det'oniber  I,  1^84,  to  Juno  :J0,  1885,  with  iteniize<l  statements  of  exix^ndi* 
tnrcs  and  repin-ts  of  assistant  engineers. 

Very  respectfully,  your  obrdient  servant, 

TiiEo.  A.  Bingham, 
Fir8t  LieuL  of  EngincerSy 
Secretarif  Ali880Hri  Hirer  Commi$sioH, 
Maj.  Chas.  R.  Suter, 

Cor2>8  of  Engineers, 

Prettident  Missouri  River  Commission, 


additional  surveys  and    ESTAIiLISHMENT  OF  PERMANENT    IIENCII  -  MARKS    BELOW 

SIOUX  CITY.      (SECONDARY  TR I  ANGULATION.) 

Parties  were  in  the  field  at  the  date  of  last  report.  The  pernianeut  h<*nch-maik 
party  remained  out  until  December  15,  when  all  were  dischargml  except  the  assistant 
enginet^r  m  char;r<»,  who  was  retained  to  complete  his  ot!ic<i  work. 

The  lines  extend  across  the  river  valley  at  intervals  of  al)out  5  mjles,  and  as  nearlv 
as  possible  normal  to  the  thread  of  the  stream.  Not  more  than  fonr  bench-marks  wiu 
probably  1)e  needed  for  any  one  line,  and  in  the  work  done  so  far  no  line  has  more 
than  three. 

Work  began  at  Glasgow,  Mo.,  November  12, 1684,  and  ended  at  Boonville,  Mo.,  De- 
cember 15,  a  distance  of  XO  miles.  The  lines  completed  are  numbered  from  40  to4d| 
both  inclusive,  and  contain  twenty-four  bench  marks.  The  series  begins  at  the  moath 
of  the  Missouri  River.  The  notation  used  is,  for  instance,  Yi  Vi  ^e.,  the  upper  being 
the  number  of  the  line  and  the  lower  the  number  of  the  bench-mark  in  that  line,  be- 
ginning on  the  right  bank. 

One  or  more  of  the  bench-marks  in  each  line  is  connected  with  the  aeooudaiy  tri* 
angulation,  and  also  with  the  previous  survey. 

Angles  were  taken  to  determine  the  azimuths  of  these  lines  for  the  linal  rednctioii 
of  the  notes. 

The  bench-marks  used  were  almost  identical  with  those  described  in  the  Annaal  Re- 
port of  the  Mississip])i  River  Commission  for  1883,  page  164.  Their  cost,  deliyered  in 
Saint  Louis,  was  $1.75  apiece  for  the  first  200,  and  $1.55  apiece  for  a  snbaeqnent  80CL 
The  pipes  are  4  feet  long  and  project  from  the  ground  1  foot.  t^ 

Levels  were  detennined  of  all  bench-marks  except  four,  which  were  left  for  the 
future,  to  avoid  delaying  the  main  party.  All  levels  were  checked  and  reran  when  a 
difiereuce  occurred  exceeding  one-hundredth  of  a  foot. 

The  building  of  triangulatiou  stations  was  continued  untH  March  30,  when  con- 
nection was  made  with  the  primary  work  of  the  Coast  Survey  at  Tavem  Riock,  Mo., 
about  50  miles  above  the  mouth  of  the  river. 

Distance,  Glasgow  to  Tavern  Rock,  about  176  miles. 

These  stations  are  similar  to  the  bench-marks,  except  that  the  pipe  is  3  feet  long. 
The  triangulation  party  was  out  all  winter,  and  bj  the  13th  of  May  had  closed  wiu 
the  Coast  Survey  at  Tavern  Rock,  Mo.,  distant  from  Glasgow,  Mo.,  about  176  miles. 
It  was  not  found  altogether  satisfactorA*  to  carry  on  snch  work  during  the  winter. 
Much  time  was  lost  b^  bad  weather,  stations  had  to  bo  reoccupied  often,  &€. 

The  results  have  still  to  be  work(>d  up,  and  a  special  report  will  then  be  made.  The 
party  after  finishing  this  field  work  went  immediately  to  the  Upper  Misnouri  River. 

SURVEYS   BETWEEN   FORT   BENTON,  MONTANA,  AND  SIOUX  CITY,  IOWA. 

The  steamer  Missouri,  after  being  lifted  for  her  long  trip,  left  Saint  Louis  April  13 
with  a  few  only  of  the  proposed  party,  stores  for  fifty-seven  men  for  five  months,  and 
as  many  benrli-marks  as  she  could  carry.  Arrived  at  Bismarck,  Dak.,  June  1.  Was 
hen^  joined  by  the  rest  of  the  party  and  the  remainder  of  the  bench-marks.  On  the 
:*.(ith  of  June  was  at  Dauphin's  Rajiids,  95  miles  below  Fort  Benton. 

She  hatl  been  niuih  <lelayed  by  wind.  It  was  expected  that  work  would  begin  at 
Fort  Hentoii  by  the  5th  of  .July. 

On  the  trip  up,  above  Pierre,  Dak.,  two  assistants  were  constantly  taking  bearinn 
and  estimating  <listances.  Th<>Ke  results  were  mapped  for  use  as  the  survey  procee£. 
The  results  a^^reed  closely  with  ]>revious  ones  accepted  as  good,  and  showed  that  there 
were  very  nearly  l.OtW  miles  to  be  surveyed  l)etween  Foit  Benton  and  Pierre,  Dak., 
the  present  ui)per  limit  of  the  surveyed  portion  of  the  river. 

The  party  for  the  work  is  organized  as  follows  (with  monthly  rate  of  jfiay): 
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PERMANENT  BENCH-MARK   PARTY. 


Administration, 


1  assistant  engineer  in  charge $200  00 

1  clerk  and  steward 100  00 


^m  00 


Setting  and  connecting  permanent  bench-marks. 

1  assistant  engineer 100  00 

2ro«luien,  at  $40 ^ 80  00 

1  foreman 50  00 

3  laborers,  at  !^30 90  00 

Leveling. 

1  assistant  engineer 125  00 

1  assistant  engineer 90  00 

2  rodmen,  at  $40 80  00 

6  laborers,  at  $30 180  00 

Building  triangulation  stations, 

2  foremen,  at  $50 100  00 

4  laborers,  at  830 120  00 

1  laborer,  with  horse 35  00 

Transportation, . 

1  pilot 125  00 

1  engineer 100  00 

1  mate  and  pilot 90  00 

1  carpenter 50  00 

1  watclyuau 45  00 

1  fireman 40  00 

4  deckhands,  at  $30 120  00 

2  cooks,  at  $45 90  00 

3  waiters,  at  $26.66| 80  00 

1  laundress 15  00 


:m  00 


475  00 


255  00 


755  00 


Total  per  month |2, 105  00 

TRIANGULATION  PARTY. 

1  assistant  engineer  in  charge 175  00 

1  assistant  engineer 125  00 

1  assistant  engineer 100  00 

3  rodmen,  at  $40 120  00 

1  mate ^ 40  00 

1  cook 30  00 

3  boatmen,  at  $30 90  00 

6  laborers,  at  $30 180  00 


Total 860  00 


Grand  total  per  month 2,965  00 

CARE     OF     PLANT,    PRESERVATION    AND   OBSERVATION  OF   GAUGES,    AND   COLLECTION 

AND   COMPILATION   OF   PHYSICAL  DATA. 

Until  January  21,  1885,  the  plant  belonging  to  the  Missouri  River  below  Sioux  City, 
was  cared  for  and  the  funds  disbursed  by  the  secretary.  Since  that  date  the  plant  of 
the  two  districts  has  been  in  the  hands  of  the  engineer  oncers  in  charge. 

Gauges  have  been  read  twice  daily  at  seventeen  stations  on  the  river,  whose  loca- 
tions are  given  in  Mr.  Seddon's  report.  It  is  intended  to  have  all  the  gauges  tested 
and  corrected  (quarterly :  but  for  lack  of  funds  nothing  has  been  done  since  January, 
when  those  marked  by  (*)  were  put  in  good  order. 

Weekly  re])orts  are  rendered  by  observers;  these  are  plotted  and  any  irregularities 
are  investigated  and  corrected. 

At  the  end  of  the  year  the  daily  readings  are  filed  on  one  sheet,  which  contains  refer- 
ence map  and  all  data  necessary  to  a  complete  record. 
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The  daily  reports  of  tho  Signal  Service  are  regularly  reoeiyed. 

Mauy  of  their  gauge  reports  for  previous  years  have  also  beeu  obtained. 

The  i-econls  of  this  brauch  are  in  very  good  shape. 

The  work  on  physical  data  of  the  river  has  consisted  of  the  compilation  of  a  large 
quantity  of  notes.  This  compilation  is  necessary  to  get  the  notes  in  auch  shape  that 
they  can  be  studied. 

The  notes  coni]>ri8e  mainly  discharge  observations.  There  are  a  few  notes  on 
borings,  which  are  added  to  from  time  to  time. 

Much  recalculation  of  original  notes  has  been  found  necessary.  It  is  impossible  to 
give  an  exact  re]>ort  of  the  results  accomplished  thus  far,  but  Mr.  Seddon's  report 
shows  in  detail  the  present  state  of  the  work.  A  noteworthy  feature  of  the  compila- 
tion is  the  graphic  method  of  computing  discharges. 

I*URCIIA8E  OF  TOW-BOAT. 


The  drawings  have  all  been  complet-ed  and  blue  printed.    The  specifications  aie 
drawn  up  and  ready  for  the  printer.    A  model  of  the  hull  has  been  made. 
Nothing  further  has  beeu  done  since  May. 

PURCHASE  OF  BAROB8. 

The  drawings  and  specifications  were  complet<ed  iu  Janaaty,  and  bids  calkd 
for.  The  contract  was  awarded  to  D.  S.  Barmore  &  Son,  of  Jefferson ville,  Ind.,  tlw 
lowest  bidders,  at  $1,775  apiece  delivered  at  their  yards. 

They  were  finished  and  taken  to  the  works  at  Kansas  City,  in  May,  by  the  Commia- 
siou  tow-boat,  '*Emma  Etheridge.'- 

Their  size  is  100  by  25  feet. 

EXPENDITURES. 

8URVKY  OF  THE  MISSOURI  RIVER  FROM  ITS  MOUTH  TO  FOBT  BKinK>N,  MOKTAHA. 

[Act  passed  AnfiTast  2, 1882.] 

Balance  available  of  above  appropriation |8,844  9 

Expended  to  November  30,  1884,  inclusive |0  00 

Itemized  expenditures  from  December  1,  1884,  to  June  30,  1885, 
both  dat.es  inclusive : 

Payroll 320  00 

Traveling  expenses 19  39 

Repairs  to  steamboat 5  00 

344  39 

Unpaid  liabilities,  June  :M),  1885 0  00 

Total  expenditures  to  June  30,  1885 344  9| 

Balance  available,  June  30,  1885 8,500  00 

OFFICE  EXPENSES,  TRAVELING  EXPENSES,  AND  SALARIES  OF  COJOUSSIOir. 

Total  allotment |fiM),00000 

Kecei  ved  from  sales  of  fuel  to  officers ,-..-  127  10 

SO,  127  10 
Expended  to  November  30,  1884,  inclusive $1,579  63 

Itemized  expenditures  from  December  1,  1884,  to  June  30,  18^, 

both  dates  inclusive  : 

Office  rent $800  00 

Gas,  water,  &c 37  57 

Telephone 50  00 

Stationery 226  59 

Safe 425  00 

Office  furniture 288  07 

Fuel 354  97 

Pay-rollsaud  salaries 5,973  53 

Traveling;  exjKMises  and  mileage 514  11 

Telei^ranis •- 2  82 

Repairs 138  98 

Sundries 133  79 

8,945  43 

l.'npaid  liabilities,  June  3(»,  1S?!»5 197  85 

Total  expenditures  to  June  30,  1885 IQ  722  fl 

Balance  available,  June  30,  1885 |9  4Q1  ff 
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ADDITIONAL    SURVEYS    AXD    ESTABLISHMENT    OF    PERMANENT  BENCH-MARKS  BELOW 

SIOUX  CITY. 

T«jtal  allotment (25,000  00 

Expended  to  November  30,  1884,  inclusive |4, 038  28 

itemized  expenditures  from  December  1, 1884,  to  June 
30,  1885,  both  dates  inclusive : 

Pay-rolls 912,415  69 

Subsistence 225  65 

Outfit  of  parties 107  27 

Medical  and  other  supplies 20  33 

Bench-marks  and  triangulatiou  stations 5, 887  06 

Repairs 190  43 

Transportation 73  21 

Traveling  expenses 212  15 

Fuel 67  92 

Privilege  felling  trees 86  50 

Station  markers ^.  26  50 

——^—^—  19  312  71 
Unpaid  liabilities  June  30,  1885 ':«3  07 

Total  expenditures  to  June  30,  1885  23,674  00 

Balance  available  June  30,  1885 $1,326  00 

CARE   OF   PLANT,   PRESERVATION,   AND    OBSERVATION   OP    GAUGES,   AND  COLLECTION 

AND   COMPILATION  OP   PHYSICAL  DATA. 

Total  allotment $25,000  00 

Expended  to  November  30,  1884,  inclusive $0  00 

Itemized  expenditurcH  from  December  1,  1884,  to  June  30,  1885, 
both  dates  inclusive : 

Pay-rolls .• $12,702  03 

Subsistence 415  77 

Piles 178  40 

Lumber 561  88 

Oakum 42  50 

Pitch 28  00 

Tacks  and  cotton 10  30 

Hand  grenades 71  73 

Engineers  and  stewards'  supplies 88  63 

Transjjortation , 57  01 

Traveling  expenses 87  15 

Stationery 164  00 

Storeliouse 35  00 

Dvnamitc 20  00 

Fuel 41  02 

14, 503  42 
Unpaid  liabilities  June  30, 1885 60  00 

Total  expenditures  to  June  30,  1885 14,563  42 

Balance  available  June  30, 1885 $10,436  58 

PURCHASE  OF  TOW-BOAT. 

Total  allotment $25,000  00 

Expended  to  November  30,  1884,  inclusive 0  00 

Itemized  expenditures  from  December  1,  1884,  to  June  30, 1885, 
both  dates  inclusive  : 

Draughtsman .* $850  00 

Unpaid  liabilities,  June  30,  1885 0  00 

Total  expenditures  to  June  30,  1885 850  00 

Balance  available  June  30,  1885 $24,150  00 

189  ENa 
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PURCHASE  OF  BASGBS. 

Total  allotment |27,064  81 

Ezpeuded  to  November  30«  1884,  inolnsive 0  00 

Itemized  expenditures  from  December  1,  1884,  to  Jane  30,  1885, 
both  dates  Inclnsive: 

Inspection $433  34 

Barges 26,625  00 

Traveling  expenses 6  60 

27  064  84 
Unpaid  liabilities  June  30,  1885 '     0  00 

Total  expenditures  to  June  30,  1885 27,064  64 

Balance  available  June  30,  1885 0  09 

OFFICE  EXPENSES  AND  EXPENSES  OF  COMMISSION. 

[Sioux  City,  Iowa,  to  Fort  Benton,  Montana.] 

Total  allotment $5,000  00 

Itemized  expenditures  from  December  1,  1884,  to  Jane  30, 1885,  both  dates 
inclusive r 0  00 

Balance  available  June  30, 1885 5,000  00 

SUKVEYS  BEl^'EEN  FORT  BENTON^   MONTANA,  AND  SIOUX  CITY,  IOWA. 

Total  allotment $25,000  00 

Expended  to  November  30,  1884,  inclusive 0  00 

Itemized  expenditures  from  December  1,  1884,  to  June  30,  1885, 
both  dates  inclusive : 

Payrolls $2,401  99 

Subsistence 2,628  14 

Travelinji^  expenses 2  00 

Repairs  to  steamer  Missouri 2,744  26 

Supplies 765  97 

Fuel 720  78 

Repairs  to  chronometer 7  50 

Bench-marks 312  50 

Portable  tripods 98  00 

9  681  14 
Unpaid  liabilities  June  30, 1885 .    3|584  96 

Total  expenditures  to  June  30, 1885 13,26610 

Balance  available  June  30, 1885 $11,733  90 

Respectfully  submitted, 

TuEO.  A.  BmoHAic, 
First  Lieut,  of  KnmHeen^ 
Secretary  Mi$9cmri  Biver  CmnmlMtlmu 

To  MaJ.  Chas.  R.  Suter, 

Corps  of  Engineers,  President  of  Commission, 


Al. 


REPORT  OF  MR.  JAMES  A.  8EDD0N,  ASSISTANT  XNGZNXBB. 

Missouri  Riykr  Comnsaioir, 
Saint  Louis,  Mo.^  Ocloher  6, 188& 

Sir:  I  have  the  honor  to  make  the  following  report  of  the  .phytioal  dftte  depart- 
ment to  Juno  30,  1885. 

The  phy8ical  data  work  comprises  two  distinct  divisions  : 

I.  Tbe  rompilation  of  the  data,  or  the  putting;  in  uniform  or  available' ahape  all  the 
measurements  that  have  been  made  of  the  physical  properties  of  the  riyer. 
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II.  The  atudy  of  the  data,  or  tho  stnd;  of  these  properties  in  ref;^''^  ^  tt>°  relfttionB 
that  eiist  between  them,  and  deductious  from  these  relatioos.  The  work  will  be 
considered  ia  this  order. 

I.— THIt   COUPILATtOH   OF  THE   DATA. 

Considering  first  tbe  condition  of  the  wurk.  The  compilation  of  the  data  contem- 
plates their  collection  and  Uliog  is  five  volumes,  corresponding  toQvediviaioiisof  the 
river,  which  divisions  are  given  as  foJtows,  by  those  local  charguH  included  ia  them 
At  which  <1atu  have  been  collect«d. 

Volume     I. — Suiat  Charles  and  Cedar  City. 
II. — Boonville  and  Glasgow, 
III. — Lexington,  Kansas  City,  and  Leavenworth,  or  Kansas  City  Division. 
IV. — Atchison  and  Saint  Joseph,  or  Saint  Joseph  Division. 
v.— Brownville,  Nebraska  City,  Ptattsmouth,  Omaha,  Sioux  City,  and 
•  VeruiilliuD. 

Tbe  condition  of  the  compilatioD  for  these  volumes  or  divisions  will  be  given  in 
the  following  table,  the  data  being  considered  under  the  heads  of  " Crosa-eectioDs," 
"Slope,"  "  Discharge,"  "Borings,"  "Miscellaneous." 

As  gang!)  data  are  more  extended  than  the  local  charges  and  are  completed  for  the 
river  with  the  exception  of  the  liual  compilution  of  histories,  they  have  been  omit- 
ted from  the  table. 

Uniler  tbe  head  of  "  Miscellaneous,"  all  data  that  are  not  compriseil  in  the  other 
divisions  are  include<l,  snch  as  valley  profiles,  ground  water,  erosion,  &e.  There  are 
not  many  data  under  this  liea<l  unless  it  is  decided  to  make  a  thorough  compilation 
of  erosion,  in  which  case  it  would  require  much  work. 

It  is  thought,  however,  that  this  hwl  best  wait  the  study  of  the  other  data. 
As  yet  no  wurk  has  been  done  on  the  compilation  of  niiscellaneuua  data. 


1 

Loral  charges  at  which  daU  were 
cullect«d. 



1 
8 

1 

O 

4, 

1 

i 

1 

i 

Reu 

uu-ka. 

o 

'1; 

'J 

X 

I 

\ 

s 

i 

0 

8 

No  data 

1SS2. 
Only  *  ft. 

T.T7  f«w 

eicept  low- 
nryay.    of 

diacbarpia. 

■'  No  work  done  oi 


Aa  a  general  summary,  a  necessarily  rough  approximation  woold  place  the  compi- 
lation of  the  data  as  a  little  over  three-quarters  completed. 

Tbe  work  done  on  this  compilation  since  December  1,  L884,  will  be  considered  in 
detail  under  the  heads  of  "Gauges,"  "Cross-sections  and  slope,"  "Discharge,"  "Bor- 
ings," and  "Other  work." 

OAUOBS. 

Duri  River  have  been  reduced  to  elerationa 
have  been  compiled  on  "  yearly  gauge  sheets," 
lean  daily  readings  have  been  made.    To  com- 
)  becompiled  fureachpointwheregaugereadinga 
H  taken,  giving  the  cbangps  of  zero  and  location  of  gauge  and  cnarocter  of  tbe 
teadingH.     Tliis  ia  in  pn)gre««. 
The  following  i 
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Begular. 


Place  at  which  gauge  waa  read. 


Saint  Charles 

BennaDD* 

Jefferson  and  Codar  City 

Boonville 

Glasgow 

De  Witt 


Readings  red  oeed, 
yeariy    and    nu 
•beet  compiled. 


Nnmber  J  ^'^J'' 
otj^^n,     compiled. 


Waverly 

Lexington 

Kansas  City 

Leavenworth  * 

Fort  I^avenworth . 

Atchison* 

Saint  Joseph 

White  Cloud 

Brownvillw* 

Nebraska  City 

PlattJJinouth* 

Omaha* 

Yemiilliou 

Sioux  City* 


*  Repaired  in  January,  1885. 
MuceUaneous. 


Jamostowu  Landing. 
Cottli'ville  Landing  . 

Washin;xton 

Fisher's  Landing 

Providence 

New  Frankfort 

Miami 


Camden 

Missouri  City 

Blair    

Decatur 


Kunning  Water 
Fort  Randall... 

BUou  Hills 

Chamberlain  ... 
Fort  Pierre 


7 
12 

7 

12 

7 

2 


12 
12 
12 
10 

7 
13 

4 
6 
7 
12 
13 
4 
7 


1878  to 
1873  to 
1878  to 
1873  to 
1878  to 
1883  to 
(1878  to 
M883  to 
1873  to 
1878  to 
1873  to 
1872  to 
1878  to 

1872  to 
1881  to 
1880  to 

1878  to 

1873  to 
1872  to 

1879  to 
1878  to 


Itti 
18N 

im 

\m 
im 

UM 
18N 
18H 

im 


UN 
18H 


Mdun 
uidun 
udisn 
■Bdisn 

aadim 
andUn 
•ndisn 
aodlflTI 
•odim 
•ndun 
andUn 

andUn 


Of  thlR  work  the  roadings  had  bccu  reduced  and  "yearly  gange  sheets " oompiM 

Srior  to  December  1, 1884,  wt  thirty  of  these  years.   Hence,  for  recapitulation  of  wok 
one  on  gauge  data  since  December  1,  1884. 

Gauge  readings  reduced  and  yearly  gauge  sheets  compiled  for  167  years. 
Sheets  of  mean  daily  gauge  readings  compiled  for  197  years. 


CROSS-SECTIONS  AND  SLOPE. 


The  compilation  of  cross-section  data  consists  in  plotting  all  the  oross-sectfons  thil 
have  been  taken  on  the  Missouri  Kiver  on  standard  section  paper  to  a  scale  that  giw 
at  any  time  the  value  of  any  element  to  about  the  accuracy  of  its  original  measor^ 
ment.  The  ureas  of  these  sections  are  then  measured  and  a  tabulation  made  of  thi 
elements  of  the  sections,  such  as  gauge,  area,  width,  mean  depth,  dtc  With  tiN 
cross-sections  reference  maps  are  also  made  showing  the  location  of  the  ranges  OB 
which  the  cross-sections  were  taken.  Thus  the  sheets  of  cross-sections,  with  their 
accompanying  reference  nia]>8  and  tabulations,  make  up  the  complete  record  of  cRMh 
section  data.  The  comnilution  of  slope  data  is  as  foUows:  Where  practicablCi  the 
cross- sectiims  are  spaced  channel  distance  apart,  and  on  the  sheets  of  oroaB-seetiflM 
the  slope  proiilo  is  plotted  to  a  suitable  scale.  Where  this  cannot  be  done,  spedil 
slope-profiles  are  made.    Kefercnce  maps,  showing  the  location  of  points  where  dope 
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was  taken,  with  tabulations  of  elements,  complete  the  slope  record.     The  foIlowiDg 
is  a  statement  of  work  done  under  this  head  since  December  1,  1884: 

Complete: 

Saint  Charles: 

423  cross- sections    plotted;    areas    measured;    reference  maps  and  tabulations 

made. 
104  miles  of  slope  plotted;  reference  maps  and  tabulations  made. 

Ctdar  City: 

77  cross-sections  plotted ;  areas  measured ;  reference  maps  and  tabulations  made ; 
no  slope  found. 

Glasgow : 

lOH  cross-sections   plotted ;    areas   measured ;    reference  maps  and  tabulations 

made. 
37  miles  slope  plotted  ;  reference  maps  and  tabulations  made. 

Incomplete: 

The  following  cross-sections  require  the  measurement  of  areas  and  tabulations  of 
elements  to  complete  the  record : 

Omaha: 

IXl  cross-sections  plotted  ;  reference  maps  made. 

The  following  sections  have  been  plotted  to  standard  scale  on  manila  paper.  They 
require  to  be  traced  on  standard  section  paper,  the  areas  measured,  and  the  tabula- 
tions made,  to  complete  the  record. 

Lexington  : 

238  cross-sections,  with  reference  maps. 

Kansas  City : 

306  cross-sections,  with  reference  maps. 

Leavenworth : 

Hi  cross-sections  of  1884,  with  reference  maps. 

All  the  section  and  slope  data  taken  at  Leavenworth  prior  to  1884  were  received  in 
shape  for  filing. 

Recapitulation : 

Cross-sections : 

608  cross-sections  completed. 

133  cross- sections  incomplete,  wanting  areas  and  tabulations. 

560  cross-sections  incomplete,  wanting  tracing  areas  and  tabulations. 
Slope : 

141  miles  slope  completed. 

DISCHARGES. 

The  com])ilation  of  these  data  consists  in  the  computation  of  all  the  discharges  that 
have  been  taken  on  the  river  by  the  graphic  method,  and  the  filing  of  these,  plotted 
on  section  paper  to  a  suitable  scale,  with  reference  maps  showing  the  location  of  the 
discharge  ranges  and  with  tabulations  of  the  elements. 

The  graphic  method  has  been  taken  for  two  reasons:  First,  because  it  gives  the 
most  accurate  determinations  of  the  discharge;  second,  because  it  admits  of  showing 
on  a  diagram  Itoth  the  observations  and  the  computations.  It  consists  of  plotting 
from  the  water-line  of  the  middle  section  the  three  curves — cross-section,  normal  ve- 
locity, and  "elements  of  discharge."  The  ordinates  of  the  last  curve  are  the  produQts 
of  deprh  and  velocity  at  every  point  where  velocity  is  observed,  and  at  pronounced 
points  of  liexnre  in  the  cross-section.     The  area  of  this  curve  gives  the  discharge. 

These  three  curves,  with  the  upper  and  lower  cross-section  when  sounded,  and  the 
path  of  tloats  through  the  discharge- ranges,  constitute  the  graphic  record  of  a  dis- 
charge, and  with  reference  maps  and  tabulations,  the  record  of  a  series  of  observa- 
tions. They  arc  plotted  on  section-paper  to  a  scale  that  will  give  any  value  fully 
within  the  accuracy  of  its  original  observation,  and  furnish  not  only  a  record  of  the 
measurements,  but  a  rea<ly  means  of  estimating  the  value  in  accuracy  of  determina- 
tion of  the  discharge  observations  as  a  whole. 

A  variety  of  methods  have  been  used  in  the  first  computations  of  the  discharges 
taken  on  the  Missouri  River,  and  for  obtaining  similarity  in  results  and  a  standard 
record  under  the  above  plan  of  compilation  a  considerable  amount  of  work  is  re- 
quired. 
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The  work  done  on  this  lias  been  as  follows : 

Saint  CharleSf  (discharges  of  1S79): 

This  scries  embraced  discharge  observations  from  Februaiy  6  to  October  S8,  or  16B 
observations  in  all,  which  is  by  far  the  largest  series  that  haa  been  taken  on  the  river. 
They  were  calonlated  by  the  method  of  partial  areas,  using  Instead  of  normal  yeloei- 
ties  the  velocity  on  the  line  of  floats.  Tliey  reqnired  entire  recomputation.  This 
recomputation  has  been  completed,  and  all  values  for  the  tabalation  have  been  de- 
duced. To  complete  the  compilation  these  will  have  to  be  traced  on  seotion  paper, 
with  path  of  floats,  for  file  record. 

BORINGS. 

The  following  is  a  statement  of  work  done  on  borings: 

Nebraska  City: 

38  borings  put  in  shape  for  filing  with  accompanying  reference  map. 
1  valley  cross-section  showing  strata  with  accompanying  reference  map. 

Plattsmoiith : 

1  partial  valley  section  showing  bed  rock  at  three  points,  with  accompanying 
lefereuce  map. 

Saint  Charles: 

3  valley  sections  showing  strata-    Reference  maps  to  be  made. 

OTIiRR  WORK. 

Low-wator  survey,  fall  of  lel82,  from  Charleston  to  Boonville. 

The  data  of  this  survey  was  received  in  the  Saint  LoqU  office  very  nearly  in  ahape. 
The  work  done  on  it  in  this  ofiice  is  as  follows : 

Four  maps  extending  from  Lexington  to  Boonville  were  reduced  to  scale  of  9 
feet  =  1  inch  and  tracings  have  been  made  of  two  of  those  maps. 

II.— THE  8TCDY  OF  THE  DATA. 

No  work  has  been  done  on  this  part  since  December  1,  1884. 

In  considering  the  condition  of  this  part  of  the  work,  the  stndy  of  relations  has 
been  chiefly  confine<l  to  the  relations  existing  between  discharge  and  gan^  heights. 
Some  fragmentary  study  of  cross -sections  and  other  relations  has  been  attempted^ 
but  has  not  as  yot  proved  fruitful. 

The  general  directions  of  the  study  comprise,  first,  the  revision  of  the  discharge  gangs 
relations,  when  the  diHcharge  data  has  been  gotten  in  final  shape,  and  from  these  Te& 
tions,  with  the  relations  existing  between  gauges  at  dififerent  points,  the  dedactiott  of 
the  variation  of  discharge  from  point  to  point  down  the  river,  and  from  day  to  day 
during  the  time  that  is  covered  by  gauge  readings,  or,  in  other  words,  the  foUest  at- 
tainable knowledge  of  the  river  as  regards  its  volume ;  second,  from  the  stndy  of  cross 
section  and  slope  data  in  the  light  of  the  above  knowledge,  the  attainment  of  a  mors 
or  less  fragmentary  knowledge  of  the  changes  of  bed  answering  to  these  changes  of 
volume. 
Further  than  this  the  direction  of  study  cannot  be  forecast. 
Very  respectfully,  your  obedient  servant. 

Jambs  A.  Sbddoh. 

AssUiant  Xttgimmr^ 
First  Lieut.  T.  A.  Binguam, 

Corps  of  Engineers, 

Secretary  of  Missouri  River  Commi$$ion, 


A  2. 

uepout  of  mr.  d.  w.  wellman,  assistant  ekginker. 

Improvement  of  the  Missouri  Riveb, 

UxiTKi)  States  Steamer  Missouri, 

Fori  Bent4m,  Mont,  Julg  6^  188S. 

Sir  :  I  have  the  honor  to  submit  herewith  the  following  report  relating  to  the  poi^ 
tion  under  mj  charge  of  the  survey  of  the  Missouri  River  for  the  year  ending  Jons 
30,  IS'!^"'). 

The  Missouri  River  work  having  been  placed  by  the  last  Congress  in  the  hands  of  a 
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commission,  a  brief  history  of  the  progress  of  the  survey  from  the  beginning  may  not 
be  inappropriate.  This  work  was  begun  September  1,  1878,  at  the  town  of  Weston,  a 
flhort  distance  above  Fort  Leavenworth,  under  an  appropriation  of  $50,000  for  a  sar- 
vey  of  the  river  from  the  mouth  to  Sioux  City,  Iowa.  Quarter-boats  lor  the  accom- 
modation of  the  party  were  built  at  Leavenworth,  Kans.,  and  the  work  was  carried 
that  season  as  far  as  Boonville,  Mo. 

Coneress,  this  winter,  1878-'9,  changed  the  title  of  the  appropriation  to  a  "  survey 
of  the  Missouri  River  from  its  mouth  to  Fort  Benton,  Montana,^'  and  made  an  addi- 
tional appropriation  of  $30,000  with  which,  in  April  of  the  following  year  the  field  work 
was  resumed,  and  reached  Saint  Louis  toward  the  end  of  May,  when  the  party  was  at 
once  transferred  to  8loux  City,  where  new  quarter-boat^  had  been  built  in  the  mean* 
time.  The  old  quarter-boats,  I  believe,  were  turned  over  to  the  Mississippi  River 
Commission. 

Work  was  begun  at  Sioux  City,  June  6,  and  on  the  6th  of  September  following  was 
connected  with  the  point  of  beginning  the  previous  year.  Five  hundred  and  eighty 
one  miles  were  surveyed  this  year. 

In  1880  another  appropriation  of  $30,000  was  made,  but  subsequently  $5,000  of  it 
was,  by  order  of  the  Secretary  of  War,  used  for  improvement  work  at  Sioux  City. 

By  probably  some  inadvertency  the  title  of  this  appropriation  was  changed  back  to 
its  former  designation,  namely, ''  Survey  of  the  Missouri  River  from  its  mouth  to  Sioux 
City,  Iowa.'*  The  appropriation,  therefore,  not  being  available  for  work  above  Sioox 
City,  was  used  in  carrying  a  line  of  carefully  checked  levels  from  Sioux  City  to  the 
mouth,  the  levels  carried  along  with  the  survey  having  been  unchecked  and  neces- 
sarily done  so  hurriedly  in  order  to  keep  pace  with  the  other  work  as  to  throw  doubt 
on  their  correctness.     The  subsequent  levels  have  all  been  carefully  checked. 

In  1881  an  appropriation  of  $30,000  for  continuing  the  survey  was  made  and  the  title 
corrected  to  read  from  the  mouth  to  Fort  Benton.  The  steamer  Missouri  was  now 
purchased  and  fitted  up  for  the  service,  it  being  impracticable  to  use  quarter-boats 
above  Sioux  City.  Funds  were  not  available  so  that  a  party  could  be  started  for  the 
field  before  August  26.  On  the  31st,  work  was  begun  at  Fort  Randall,  Dak.,  and 
closed  at  Sioux  City  October  20,  In  1882  Confess  appropriated  $40,000  for  continu- 
ing the  work,  but  it  was  not  available  until  August  10.  On  the  26th  of  that  month 
a  party  left  Sioux  City  for  Pierre,  Dak.,  where  field  work  was  begun  September  6  and 
closed  at  Fort  Randall  October  21. 

No  appropriation  was  made  for  the  work  in  1883,  and  the  unexpended  balance  of 
the  old  appropriation  not  being  adequate  for  the  purpose  nothing  was  done  in  the 
field  that  year. 

The  work  done  up  to  the  year  1884  consisted  of  an  accurate  delineation  of  the  shore- 
lines, islands,  and  sand-bars  the  general  topographical  features  of  the  valley  anfl  the 
line  of  bluffs  bordering  the  same,  the  whole  cnecKed  by  a  system  of  triangulation  car- 
ried along  the  river  banks,  the  limited  means  and  necessity  for  rapid  progress  not  ad- 
mitting of  anything  more  permanent.  Soundings  were  made  on  lines  normal  to  the 
current  and  from  500  to  1,500  feet  apart.  Carefully  checked  levels  also,  as  before  men- 
tioned, have  been  carried  from  Pierre  to  the  mouth. 

The  whole  has  been  platted  on  a  scale  of  1  inch  to  1,000  feet,  making  40  sheets  40  by 
120  inches  each.  These  have  been  reduced  to  a  scale  of  1  mile  to  1  inch,  photolitho- 
graphed,  and  1,000  copies  printed. 

The  MiHsonri  River  Commission,  having  assumed  control  of  the  work  in  the  fall  of 
1884,  determinod  upon  a  secondary  triangulation  of  the  river  to  be  carried  from  bluff 
to  bluff,  to  be  marked  by  permanent  monuments ;  also  to  establish  lines  of  permanent 
bench-marks,  the  whole  to  be  connected  with  the  former  survey.  The  steamer  Mis- 
sonri,  which  had  been  out  of  the  water  at  Sioux  City  since  the  close  of  work  in  the 
fall  of  1882,  was  ordered  to  bo  put  in  such  a  state  of  repair  that  it  could  be  used  dur- 
ing the  remainder  of  the  season  after  being  taken  to  Glasgow,  Mo.,  where  it  had  been 
decided  to  begin  the  work,  an  allotment  from  the  general  appropriation  for  improve- 
ment having  been  made  for  the  purpose. 

Orders  for  the  repair  of  the  steamer  were  received  by  me  October  1.  On  examina- 
tion it  was  found  that  a  new  knuckle  all  round,  many  new  floor  timbers  and  bottom 
planks  were  indispensable,  as  well  as  minor  repairs.  The  boat  also  had  to  have  new 
calking  throughout.  Repairs  were  finished,  and  the  boat  started  down  the  river  on 
the  31st  of  the  month,  and  reached  Glasgow  on  the  8th  of  November. 

In  the  meantime  parties  had  been  organized,  and  work  was  begun  on  the  12th. 

The  triangulation  work  was  in  charge  of  Assistant  O.  B.  Wheeler,  while  the  build- 
ing of  the  stations  after  their  location  by  Mr.  Wheeler,  cutting  out  lines  of  sight, 
establishing  permanent  bench-marks,  and  connecting  the  same  with  both  the  trian- 
gulation and  the  former  survey,  and  also  transferring  the  levels  from  the  old  bench- 
marks to  the  permanent  marks,  was  under  my  direction. 

The  work  was  continued  until  it  reached  Boonville  on  December  15,  where,  the 
weather  having  become  quite  cold,  and  fearing  a  sudden  closing  of  the  river,  opera- 
tions with  the  steamer  were  suspended,  most  of  the  party  were  discharged,  and  the 
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steamer  Htartod  for  Saint  Louis  to  be  laid  up  for  the  winter.  It  was,  however. 
caught  iu  the  ico  at  Providence,  25  miles  below  Boonville,  where  it  remained  until 
March  V2,  when  it  was  released  and  taken  to  Saint  Loais,  where  it  was  placed  on  the 
ways  for  needed  repairs,  both  to  woodwork  and  boilers,  preparatory  to  starting^  in 
the  spring  for  Fort  Benton,  Mont.,  where  it  had  been  decided  to  commence  a  aimiUr 
work  to  that  done  in  the  tall  from  Glasgow  to  Boonville. 

Upon  the  close  of  work  at  Boonville,  as  before  stated,  a  small  party,  consisting  of 
two  foremen,  four  laborers,  and  two  men  with  teams,  the  whole  lu  charge  of  an  as- 
sistant, was  organized  to  continue  the  building  of  A  stations,  which  was  carried  on 
during  the  winter  and  until  the  end  of  March,  1885,  when,  having  made  a  connection 
with  the  Coast  Survey  at  Tavern  Rock,  Mo.,  the  building  of  A  stations  was  discon- 
tinued. 

The  monuments  marking  the  triangulation  points  consisted  of  a  atone  18  inches  bv 
18  inches  by  4  inches,  with  asmall  hole  drilled  in  the  center  of  one  side ;  also  marked  with 
a  A  and  the  letters  *'  U.  S.,"  all  cut  one-fuurth  inch  deep  into  the  stone.  This  was  placed 
3  feet  4  inches  in  the  ground,  and  on  the  stone  and  centered  over  the  hole  in  the  mid- 
dle was  ]>Iaced  a  piece  of  4-inch  [^as-pipc,  3  feet  long,  the  top  covered  with  a  cast-iron 
cap  secured  to  the  pipe  by  a  bolt  and  nut.  On  the  top  of  the  cap  were  the  words 
"Missouri  River  Commission,''  and  in  the  center  a  triangular-shaped  projection,  one- 
fourth  ineh  high,  in  the  center  of  which  a  small  hole  was  drilled.  The  lower  edce 
of  the  cup  came  to  the  surface  of  the  ground,  care  being  taken  in  setting  to  keep  the 
center  of  the  cap  exactly  over  the  hole  in  the  center  of  the  stone. 

The  permanent  bench-marks  were  the  same  as  for  the  A  monnments,  except  that 
the  pipes  were  4  feet  long  and  stood,  when  set,  1  foot  out  of  the  ^ronnd.  The  stones 
were  marked  ^'  U.  S.  B.  M.,''  and  had  a  ^inch  copper  bolt  leaded  into  the  centery  pro- 
jecting one-fourtli  inch.  The  caps  were  marked  *'  Missouri  River  Commission  B.  if.," 
and  had  a  rounded  projection  in  the  center  one-fourth  inch  high.  The  real  bench- 
mark is  the  copper  bolt  in  the  stone,  and  when  the  bench  is  used  the  cap  is  taken  off 
and  the  rod  let  down  through  the  pipe  on  to  the  bolt.  Levels,  however,  were  taken 
on  both  bolt  and  cap. 

The  permanent-bench-marks  were  set  on  lines  running  across  the  valley,  about  5 
miles  apart,  and  as  nearly  as  practicable  at  right  angles  with  the  thread  of  the 
stream.  On  the  portion  done,  the  valley  being  from  2  to  3  miles  wide,  not  more  than 
three  bench-marks  were  placed  on  a  line,  as  a  rule — one  at  the  foot  of  the  bluff  on 
each  side,  and  one  between — care  being  taken  in  the  selection  of  a  location  to  provide 
against  disturbance  by  the  encroachments  of  the  river. 

Twenty-four  permanent  bench-marks  were  set  and  levels  transferred  to  all  but  four. 
To  these  it  was  not  practicable  to  carry  the  levels  without  delaying  the  main  party. 
The  levels  were  carefully  nm  and  checked  by  a  level  following  the  leading  one,  and 
as  a  rule  repetitions  were  required  when  differences  occurred  on  pegs  or  bench- 
marks of  ten  thousandths  of  a  foot. 

The  lines  of  permanent  bench-marks  completed  are  numbered  from  40  to  48,  both 
inclusive,  No.  40  crossing  just  below  Boonville,  and  No.  48  at  Cambridge,  5  miles 
above  (Jlasgow. 

These  lines  and  numbers  are  part  of  a  series  of  lines  about  5  miles  apart,  and 
numbered  from  the  mouth  of  the  river  upwanl. 

The  permanent  bench-marks  are  designated  thus,  ^,  ^^,  &c,.  ^  being  the  flnt 
mark  on  line  48  on  the  right  bank  of  the  river,  4/  the  next  mark  on  the  line,  and 
BO  on. 

One  or  more  of  the  btMieh-marks  in  each  line  was  connected  with  the  new  triangn- 
lation  by  a  system  of  small  triangles,  a  base  line  for  the  purpose  being  measared  with 
a  steel  tape  at  some  convenient  point.  Connection  with  the  previous  snrvey  was 
generally  made  by  a  carefully-run  stadia  line.  If  the  distance  was  too  great,  a  sys- 
tem of  triangulation  was  resorttul  to.  Angles  were  read  sutflcient  to  determine  the 
azimuth  of  the  pomianeut  bench-mark  lines  when  the  triangulation  is  reduced. 

The  repairs  to  the  steauKT  Missouri  were  coini)leted  early  in  April  last,  and  on  the 
13th  of  the  month  the  steamer  was  startled  for  Fort  Benton,  Mont.,  having  on  boaid 
300  'U  and  B.  M.  Htone,  HOO  A  and  B.  M.  pipe,  and  an  amount  of  subsistence  stores 
estimated  iis  sutliitient  for  a  party  of  57  men  for  five  months. 

Only  a  single  cn^w  for  the  steamer,  one  lissistaut  engineer,  and  assistant  in  charge 
were  t;tkeu  from  iSaiiit  Louis,  it  having  been  arranged  that  the  balance  of  the  party 
should  report  at  points  al)ov(s  principally  at  Bismarck,  Dak. 

It  was  soon  fouud  that  the  Missouri  ha<l  not  the  power  nor  the  oonstrnction  to  en- 
able her  to  make  more  than  very  slow  progress  in  such  a  river  as  the  Missonri.  Her 
machinery  is  light  and  required  fretpient  repairs.  It  being  necessary  also  for  the  pur- 
poses of  survey  to  iiave  sleeping  accommodations  for  a  large  number,  a  great  share  of 
the  boat  is  covered  with  a  cabin  which  gives  so  much  wind-surface  that  she  is  obliged 
often  to  lie  by  in  a  wind  when  an  ordinary  boat  could  have  proceeded.  These  delays 
were  freiiuent,  es])eeially  through  the  nmnthsof  April  and  May,  during  which  we  were 
obliged  to  tie  up  and  stop  on  account  of  the  wind  alone  on  sixteen  dimrent  days.    Wo 
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reached  Kansas  City  April  24,  Omaha  May  4,  Sioux  City  May  12,  Pierre  May  25,  and 
Bismarck  June  1. 

At  Bismarck  the  Missouri  was  lightened  by  transferring  about  15  tons  of  stone  and 
pipe  to  the  U.  S.  steamer  Josephine,  then  at  that  place  for  repairs.  Five  hundred  A 
and  B.  M.  stone,  which  had  been  sent  from  Saint  Louis  by  rail,  were  also  shipped  by 
the  Josephine  and  distributed  at  convenient  points  above. 

Above  Bismarck  we  had  the  June  rise  in  the  river  to  encounter,  and  the  increased 
velocity  of  the  current  on  that  account  made  a  resort  to  the  tow-line  almost  a  daily 
necessity.  Sometimes  the  men  pulling  at  the  line  could  get  us  over  the  rapid  places, 
but  more  frequently  we  were  compelled  to  use  the  capstan. 

On  the  30th  of  June  we  had  reached  the  Dauphin  Rapid,  about  95  miles  below  Fort 
Benton,  and  on  the  evening  of  July  4  arrived  at  Fort   Benton. 

As  soon  as  the  small  quarter-boat  for  the  use  of  the  trian^ulation  party,  the  mate- 
rials for  which  were  brought  on  the  steamer  from  Saint  Louis,  can  be  completed,  the 
work  of  the  season  will  commence. 

After  leaving  Pierre,  Dak.,  two  assistants  were  constantly  employed  making  a 
sketch  of  the  river  from  the  roof  of  the  steamer,  taking  bearings  with  a  compass,  and 
estimating  distances.  It  has  been  completed  on  a  scale  of  1  inch  to  1,600  feet,  and 
traced  on  cloth,  and  will  be  of  great  use  in  mapping  out  work  as  the  survey  proceeds. 

The  distance,  as  shown  by  the  sketch,  from  Pierre  to  Bismarck  is  253  miles,  and  from 
Bismarck  to  Fort  Benton  815  miles,  making  a  total  length  of  river  yet  to  be  surveyed 
1,068  miles.  This  estimate  of  distance  agrees  very  closely  with  several  others,  espe- 
cially with  a  table  prepared  by  the  assistants  on  the  work  of  improvement  above  Bis- 
marck, which  gives  the  distance  from  Bismarck  to  Fort  Benton  at  816,  and  with  the 
estimate  of  805  miles  made  in  1874  by  Lieut.  F.  V.Greene,  U.  S.  A. 
Very  respectfully,  y.our  obedient  servant, 

D.  W.  Wellman, 
A88i8tant  Engineer, 

Lieut.  W.  L.  FisK, 

Corps  of  EngineerSj  U.  S,  A.j 

Secretai-y  Missouri  River  Commission, 


Appendix  B. 

REPORT  OP  MAJOR  CHARLES  R.  SUTER,   CORPS  OF  ENGINEERS. 

Saint  Louis,  Mo.,  October  5,  1885. 

Gentlemen  :  1  beg  leave  to  submit  for  your  information  the  following  report  on  the 
work  of  improving  Missouri  River  from  Sioux  City  to  its  mouth,  from  the  time  the 
Commission  assumed  charge  of  the  work  to  June  30,  1885,  the  end  of  the  last  fiscal 
year  : 

At  the  meeting  of  October  11, 1884,  the  Commission  decided  that  it  was  inexpedient, 
owing  to  the  lateness  of  the  season,  to  begin  work  on  this  improvement  before  the 
spring  of  IS-io.     They,  however,  decided  on  the  extent  and  general  character  of  the 
work  to  be  done  this  sejison,  aud  allotted  from  the  general  appropriation  $300,000  for 
work  in  the  vicinity  of  Kansas  City,  Mo.,  and  $105,000  for  work  near  Saint  Joseph, 
Mo.     The  former  was  to  be  the  initiation  of  the  general  work  of  improvement  of  the 
river.     As  soou  as  these  matters  had  been  decided  on,  measures  were  taken  to  put  all 
the  plant  belon;;ing  to  the  Cominissipu  in  safe  winter  quarters,  and  the  offices  at 
Kansas  City  and  Saint  Joseph  were  closed,  all  operations  being  confined  to  watching 
and  carin«;  for  the  ])ublic  pro])erty.     The  plant  which  had  been  used  at  Saint  Joseph 
was  left  in  the  water,  but  that  at  Kansas  City,  being  much  exposed,  was  hauled  oirt 
on  top  of  the  bank  for  safe-keeping. 

The  larger  portion  of  the  new  plant,  aggregating  ninety- three  boats  and  barges,  was 
left  at  Bnshherg,  25  miles  below  Saint  Louis,  in  a  good  winter  harbor.    With  this  last 
division  of  the  tleet  a  small  force  of  mechanics  were  retained,  in  addition  to  the  watch- 
men, and  (hiring  the  winter  aud  spring  they  were  employed  in  repairing  and  finishing 
the  boats,  niannfacturiug  tools,  &e. 

All  expenditures  were  made  by  the  secretary  of  the  Commission  till  January  21, 
1885,  on  which  date  1  was  directed  by  the  Secretary  of  War  to  take  charge  of  the 
work.  During  the  winter,  plans  were  matured  for  the  working  organization  and  all 
arrangements  made  for  beginning  work  as  soon  as  the  river  was  clear  of  ice.  In  the 
month  of  March  I  was  enabled,  through  the  courtesy  of  General  .Gillmore,  president  of 
the  Mississippi  River  Commission,  to  secure  the  services  of  the  tow-boats  Etheridge 
and  Osceola,  belonging  to  the  Mississippi  River  work.  They  arrived  at  Saint  Louis 
April  2,  and  as  soon  as  safe  navigation  on  the  Missonri  was  assured  they,  together 
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with  our  own  tow-boat,  William  Stono,  were  assigned  to  the  task  of  moving  the  new 
plant  from  Biishborg  to  Kansas  Citj  and  Saint  Joseph,  distant,  respectively,  432  and 
531  miles.  It  was  decided  to  leave  at  Busliberg  eleven  pile-sinkers,  not  likely  to  be 
needed  this  season,  and  to  send  up  oiglity-oue  boats  and  barges,  I)e8ide8  all  the  skiflh 
and  yawls  on  baud.  The  first  tow  leftBusliberg  April  12,  and  the  three  boats  ajp^eregated 
eighteen  trips  in  all,  the  laHt  two  trips  being  made  in  July.  At  the  end  of  Jane,  7S 
pieces  had  left  Bushborg,  viz :  six  hydraulic  graders,  live  qnarter-boat«,  six  mat- 
tress-boats, four  hydraulic  pile-sinkers,  forty-two  barges  100  feet  by  25  feet,  and  nine 
barges  64  feet  by  16  feet.  The  two  last  tows  comprised  one  machine  boat  and  eight 
barges  100  feet  by  25  feet.  Besides  this  work  the  Etheridge  was  employed  in  bring- 
ing around  from  jeffersonville,  Ind.,  fifteen  barges,  100  feet  by  25  feet,  which  had  been 
built  for  the  work  duriug  the  winter,  and  all  three  boats  were  employed  in  taking  to 
Saint  Joseph  the  plant  aMsigned  to  that  work  and  in  miscellaneous  towing.  After  all 
the  plant  had  been  moved,  the  Stone  and  Etheridge  were  assigned  to  the  KapKas  City 
work,  and  the  Osceola  to  that  at  Saint  Joseph. 

The  plant  passed  through  the  winter  safely  with  the  exception  of  some  trifling 
damage  to  that  at  Saint  Joseph. 

In  March  field  o])crations  were  begun  at  Kansas  City  and  Saint  Joseph,  and  will  be 
described  under  those  heads. 

KANSAS  CITY. 

The  office  here  was  reopened  March  11,  Assistant  S.  H.Tonge  having  been  assigned 
to  the  charge  of  the  work.  The  boats  were  repaired  and  launched  and  arrangementi 
made  for  supplying  brush  and  stone.  The  former  was  procured  by  hired  labor:  tlie 
latter  was  furnished  by  the  Kansas  City,  Saint  Joseph  and  Council  Blnffs  Railroad.  Only 
the  old  plant  could  be  used,  the  new  boats  being  too  heavy-for  the  small  tags  need 
heretofore  on  the  work.  This  occasioned  much  delay  and  increased  the  cost,  bat  the 
necessity  for  immediate  work  was  deemed  imperative. 

The  work  authorized  by  the  Commission  for  this  season  contemplated  the  revet- 
ment of  the  left  bank  in  Parkville  and  Kaw  bends  and  tAe  right  bank  in  Qnindaio 
Bend.  Of  these  tliree,  Parkville  Bend  was  considered  the  leart  important  and  Kaw 
Bond  the  most  so.  Cousi<lerable  work  had  been  done  lierQ  in  former  years,  the  Isfll 
being  in  1882.  Subsequent  to  the  completion  of  this  last  work  the  channel  changed  hi 
the  ui)por  part  of  the  beud  aud  began  a  severe  erosion  of  the  bank,  which  at  that  point 
was  unjirot-ected.  This  erosion  extended  down-stream,  taking  in  flank  the  npper  pcnt- 
tion  of  the  work  of  1882,  and  a  considerable  portion  of  it  was  destroyed.  To  chebk 
this  erosion  seemed  tlie  most  pressing  necessity,  and  accordingly,  on  April  17,  work 
was  begun  at  the  hea<l  of  the  caving  bank  near  the  mouth  of  Line  Creek.  The  revet- 
ment consisted  of  a  woven  willow  mattress,  strengthened  by  a  rectangnlar  system  of 
wire  cables  extending  from  the  top  of  the  previously  graded  bank  to  a  distance  along 
the  bed  of  the  stream  of  about  1)0  feet  from  low-water  mark,  and  covered  above  low- 
water  mark  with  a  layer  of  riprap.  In  order  to  save  their  track,  the  Kansas  City,  Saint 
Jose)>h  and  Council  Bluifs  Railroad  had  constructed  a  number  of  stone  spar-dikes  along 
this  caving  bank.  These  spurs  had  caused  eddies  to  form,  with  the  resalt  of  eroding 
the  bank  in  pockets,  making  a  very  irregular  shore-line.  It  boin^  a  matter  of  consider- 
able dithculty  to  follow  these  short  curves,  they  wereusnall;^  disregarded|  the  stream 
edge  of  the  mattress  being  kept  on  as  uniform  a  line  as  possible,  while  its  width  WM 
increased  or  diminished  as  the  sinuosities  of  the  shore-line  rendered  necessary.  The 
average  width  of  mattress  was  133  feet,  the  thickness  below  the  water-line  being  firom 
10  inches  to  12  inches,  aud  on  the  graded  bank  from  6  inches  to  8  inches.  Owing  to 
the  high  stage  of  water  the  stone  covering  could  only  be  placed  on  the  npper  portion. 
By  the  end  of  June  a  length  of  3,000  feet  of  revetment  had  been  constracted,  leaving  a 

§ap  of  r),r)(M)  feet  still  to  be  closed.  It  niav  be  said  in  this  connection  that  the  work 
one  in  1H82  has  not  shown  any  sign  of  wca\cness  as  yet,  and  as  this  work,  though  sim* 
liar  in  character,  was  not  as  substantial  as  that  now  being  constructed,  there  is  good 
reason  for  hoping  that  the  work  done  this  season  will  prove satisfiMstory.  Expenenee 
has  ani])ly  demonstrated  that  on  the  Missouri  River  the  revetment  must  extend  mm  the 
top  of  the  bank  to  the  limit  of  scour,  and  that  the  mattress  must  be  securely  tied  to  the 
bank  as  well  as  thoroughly  loaded  with  stone.  Above  low-water  mark  aflat  graded 
bank,  with  a  substantial  covering  of  stone  resting  on  a  thin  mattress,  offera  the  beat 
protection  against  the  a(;ti<)n  of  ire  and  of  waves.  Detailed  specifications  of  the  type 
of  revetment  in  nne  this  season,  both  at  Kansas  City  and  Saint  Joseph,  are  appended 
t^  this  report  (Appendix  B  1).  Dnring  the  balance  of  the  season  work  will  progieM 
luurh  more  ra]Mdiy,  and  it  is  [irobable  that  the  revetment  of  Kaw  and  Qiiindarobendl 
will  be  eonipletiMl. 

On  May  30,  I88r>,  ])roposa1s  were  invited  for  furnishing  50,000  cubic  yards  ripn^ 
stone  at  Kansas  City.  Twelve  bids  were  received  aud  opened  June  80,  as  per  accooi- 
panying  abstract. 
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It  IiaB  been  recommeDded  to  the  Cliief  of  Eagineers  to  Accept  the  bid  of  T.  H.  H»ck- 
ett  &  Son,  of  Atchison,  Kane. 
For  further  detaile  see  report  of  Aadstant  8.  H.  Yonge  (Appendix  B  2). 

Moneg  itatemenl. 

December  2,  1884,  amount  allotted  by  CommiaBion ., $300,000  00 

AnioDDt  expended  by  lecretiHy  of  OoiDmiaaion  for  pnrchaae  of 

fifteen  bargeit |S«,048  04 

Amount  expeuded  by  Major  Suter  to  June  30. 1885 4a, 85.1  30 

Outstanding  liabilities  June  30, 1885 13,276  89 

75, 179  23 

July  1,  1885,  amount  available 224,621  TT 


The  ollicc  at  tUis  place  was  reopened  on  March  11,  Assistant  S.  W.  Foi  being  in 
charge  of  the  work.  As  sooD  as  the  plant  could  be  repaired  and  got  ready  for  service, 
three  breaks  in  the  Elnood  revetment  nhich  had  developed  in  tlie  neighborhood  of 
the  old  Htone  dikes  put  in  by  the  Saint  Joseph  Bridge  Compauy  nere  ordered  to  be 
closed  ;  thny  aggregated  940  feet  in  tengtli.  Work  began  April  4  and  ended  April 
17.  The  force  was  then  transferred  to  Bon  Ton  Band,  and  the  revetment  of  the  npper 
side  of  French  Bottom  was  commenced  on  May  19.  By  May  30,  776  feet  of  mattress 
hod  been  constrncted  at  the  head  of  the  work  and  a  junction  effected  with  the  revet- 
ment constructed  by  (he  Saint  .Tosepb  Water- Works  Company.  'From  this  date  till 
Juue  Vi  work  was  confined  to  the  placing  of  rock  on  the  revetment.  At  that  date  work 
was  suspended,  owing  to  tliehigh  stage  of  water.  During  the  remainder  of  theseaaon 
this  revi-tiuent  will  be  extended  10,000  feet,  wlien  tbp  allotment  for  the  work  will  be 
exhausted.  A  further  extension  of  about  3,000  feet  seema  necessary,  and  the  Elwood 
revetment  should  be  extended  up-stream  about  18,000  feet,  to  the  bluffs  near  Belmont, 
to  secure  tlie  work  iUready  in  from  being  flanked. 

During  the  season  brush  and  atone  have  been  procured  by  hired  labor  and  by  pur- 
chase in  oiieii  market. 

On  Uny  :tO,  1885,  proposals  were  invited  for  furnisbing  15,000  cubic  yards  riprap 
8t«ue  at  Ijaint  Joseph.  Four  bids  were  received  and  opened  June  20,  1885,  as  per 
accompanying  abstract : 

Ab»tract  of  propotah  opened  bg  ifaj.  Charlei  R.  Svter,  Corp» of  Englneert,  al  Saint  Louit, 
Mo.,  at  Vi  o'clock  m.,  Jane  VO,  lrsii£i,/or  faittiihing  and  dttivering  on  Goveritmenl  bargei 
ii,IXH)  cubic  nardi  or  more  of  ripraf,  for  improventenl  of  JUiuonri  Biveriii  thevielnit)  of 
Saini  Joieph,  Mo. 


..  i^ti„         I  LandEnizi  wliera  rip-  ' 


oflMmi 


.■uuutv.  Mo. 
V.  IlQun, 
iscplj,  Mo. 


Belmont    Landing, 

About  II  miles  iboTO 
a>lDt.ro>>«pli  witter. 

ille  abov 


fhT"^,, 


ilation 


tlS,OM 


I     I 


IT.KSOO 
I   14,06  0(1 


•Racommeaded  that  all  (beae  bids  be  r^ected. 

I  The  lonaee  ctmr^e  Hdded  (or  compaiiiiK  propoiikla  la  at  tbe  n 

Jard  per  mile  Tor  loa-ln^  np^tream,  and  ODe-foartb  of  1  Mat.  p 
own-Biream,  distance  measared  from  Saint  Joseph  waterworks. 
I  Or  more. 
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It  has  been  recommended  to  the  Chief  of  Engineers  to  reject  all  the  bids. 
For  further  details  see  report  of  Assistant  S.  W.  Fox  (Appendix  B  3). 

Money  Btatement 

December  2, 1884,  amonut  allotted  by  Commission flOS,  000  00 

Amonnt  expended  by  secretary  of  Commission  for  porohase  of 

fifteen  barges |7,016  80 

Amount  expended  by  Major  Suter  to  June  30, 1885 22,606  83 

Outstanding  liabiUties  June  :W,  1885 4,584  71 

34,809  74 

July  1,  1885,  amount  available |7O,790  tt 

Very  respectfully,  your  obedient  servant, 

Chas.  R.  Sutul 

Mqfcr  of  imgiuMn, 
The  Missouri  River  Commission. 


Bl. 

specifications  for  mattress  work. 

Grading. — The  average  height  of  bank  is  estimated  to  be  16  feet.  It  is  propoMd  to 
grade  the  bank  to  a  slope  of  2|  to  1 ,  excepting  in  localities  where  the  iixeffalaritifli 
of  bank  line  and  projecting  points  exposed  to  the  movements  of  ice  may  make  it  nss- 
essary  to  grade  to  a  slope  of  from  3  to  1  to  4  to  1. 

It  is  estimated  that  the  proportion  of  bank  which  should  receive  the  flatter  alopM 
will  amount  to  10  per  cent,  of  the  entire  bank  to  be  ^aded.  On  this  haaia  tiie  avc^ 
age  quantity  of  earth  to  be  removed  )>er  linear  foot  will  amount  to  13|  cnbio  yards. 

Brush  mattress. — The  class  of  mattress  which  it  is  proposed  to  nae  to  oonaist  of  e 

continuous  woven  willow  construction,  extending  from  tne  top  of  the  bank  into  the 

stream  90  feet  beyond  ordinary  low  water,  to  have  a  thickness  of  6  inches  from  the 

top  of  tlie  bank  to  mid-stage,  and  12  inches  from  mid-stMe  to  the  stream  edge. 
According""  "'  '  ^x.  _^_.  ..  ^^_  ^  ..._i  „,  ,^i     ...  _.  ..  *^  *__^^   .  *_ 

a  2f  slope, 
1  the  total 

The  average  width  of  mattress  for  all  slopes  will  be  137.9  feet,  reqaiiing  196  cable 
feet,  or  about  one  cord  per  linear  foot. 

To  construct  the  extensive  works  herein  contemplated,  an  immense  qaantlty  of 
brush  will  be  required,  and  as  it  is  probable  that  it  will  often  be  impossible  to  proeom 
brush  of  average  size  and  quality,  some  deviation  in  the  thickness  of  mat  as  giTsa 
above  will  become  necessary,  especially  when  large  and  scraggy  brash  has  to  be  osed,  la 
which  event  it  will  be  necessary  to  weave  a  thicker  mat  on  accoont  of  the  laigi 
meshes  resulting  from  the  use  of  this  class  of  material. 

Wire-rope  or  rod-chain  system. — For  giving  additional  streng^  to  the  woveii  mat- 
tress and  for  anchoring  it  to  the  bank  it  is  proposed  to  use  either  a  system  of  gal- 
vanized steel  wire  ropes  or  chains  ma<le  of  iron  ro<ls  in  lengths  of  about  10  leet,  orof 
such  other  lengths  as  circumstances  may  require,  the  system  to  consist  of  loogttodl- 
nal  and  transverse  members. 

Longitudinal  members  to  consist  of  ten  continuous  wire  ropes  or  iron  ahmln^  spased 
10  feet,  laid  in  the  direction  of  the  stnram  and  woven  into  tne  maty  the  prineipalor 
outer  member  to  be  a  |  steel  rope  or  a  rod-chain  made  of  f  square  izoa ;  the  ionsr 
members  to  bo  f-iucli  steel  ropes  or  |  square  bars.  Transverse  members  to  eonslst  of 
principalH  placed  ut  intervals  of  90  feet,  consisting  of  f  steel  ropes  or  f  square  rod% 
the  intermediates  to  be  |  rods  or  ropes  spaced  15  feet. 

The  transverse  members  to  be  laid  at  right  angles  to  the  longitudinaliy  the  two  in- 
tersecting members  to  be  held  together  at  each  point  of  intersection  by  olerlses  or 
open  links.  The  stream  end  of  each  transverse  member  to  be  made  fiMt  to  tlie  pria- 
cipal  longitudinal  by  a  clevis  or  stirrup,  and  the  shore  end  to  a  suitable  anebongfl^ 
set  back  from  the  edge  of  the  bank,  by  a  ring-bolt. 

In  view  of  the  fact  that  the  elliciency  of  the  iron  chains  and  timber  deadmen  woold 
become  more  quickly  impaired  by  the  action  of  the  elements  than  the  snbmeiged  por- 
tion of  the  mattress,  it  is  recommended  in  case  iron-rod  chains  should  be  adopted ia- 
stead  of  wire  ropes  that  some  method  of  protecting  the  iron  from  rapid  oxidatloB 
shouhl  bo  used,  provided  an  etticient  process  can  be  employed  without  *^^<«g 
rially  to  the  cost  of  the  work.    The  Bar-Hower  process  of  coatiag  iron  is  i 
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account  of  its  simplicity.  However,  should  it  be  found  impracticable  to  use  this 
method,  a  coating  of  coal-tar  applied  to  the  iron  when  heated  may  accomplish  the 
desired  purpose. 

It  is  also  recommended  that  the  timber  used  for  deadmen  be  subjected  to  some  wood- 
preserving  process,  or  that  rough  blocks  of  rock  be  substituted  for  the  timber. 

Bock  work. — The  mattress  on  the  graded  bank  to  be  covered  with  3,000  pounds  of 
broken  rock  per  linear  foot  for  the  2f  slope  and  3,700  pounds  for  the  steeper  slopes,  or 
an  average  of  3,070  pounds  per  linear  foot  for  all  slopes,  which  it  is  estimated  will  be 
equivalent  to  a  thickness  of  9  inches. 

The  low-water  mat  to  be  weighted  with  about  1,350  pounds  of  rock  per  linear  foot, 
making  the  total  quantity  of  rock  re<iuired  per  liaear  foot  4,420  pounds,  or  2  cubic 
yards  of  about  2,240  pounds. 

It  will  bo  desirable  to  fill  the  interstices  of  the  bank  mattress  lying  between  the 
elevation  of  2  feet  below  ordinary  low  water  and  that  of  mid-stage  with  macadam  or 
gravel,  and  on  top  of  this  to  place  the  covering  of  rock  of  larger  size. 

The  estimated  quantity  of  macadam  required  is  one-fourth  cubic  yard  per  linear 
foot.  The  cost  of  one  set  of  plant,  with  a  capacity  for  making  80  cubic  yards  of  mac- 
adam per  day,  is  $1,500  complete. 


B  2. 


REPORT  OF   MR.    SAMUEL  H.   YONGE,  ASSISTANT  ENGINEER. 

Kansas  City,  Mo.,  July  10,  1885. 

Major  :  I  have  the  honor  to  submit  my  report  on  the  work  of  improving  Missouri  River 
in  the  vicinity  of  Kansas  City,  Mo.,  for  the  fiscal  year  ending  June  30, 1885,  as  follows 
viz: 

care  of  and  repairs  to  plant. 

As  there  was  no  suitable  and  safe  place  in  the  vicinity  of  Kansas  City,  Mo.,  where 
all  the  boats  belonging  to  the  work  could  be  laid  up  together  for  the  winter  I  sub- 
mitted, about  the  latter  part  of  October,  1884,  a  plan  for  constructing  a  system  of 
ways  and  trackw  to  be  used  for  taking  the  boats  out  of  the  river  and  placing  them  on 
the  bank  alxrve  the  stage  of  ordinary  high  water.  This  plan  receiving  your  approval, 
steps  were  immediately  taken  to  carry  it  into  effect.  As  some  of  the  details  of  this 
work  are  novel  and  original,  a  brief  description  is  given. 

There  were  constructed  ten  inclined  ways,  tied  together  in  pairs,  five  tilting  frames, 
all  supported  on  piles  driven  to  a  solid  bearing,  a  set  often  horizontal  tracks,  a  sec- 
ond set  of  five  tracks,  and  three  cross-tracks  with  a  sliding  frame.  The  ways  were 
placed  at  right  angles  to  the  general  direction  of  the  bank,  and  extended  to  a  suffi- 
cient depth  into  the  river  to  i»ermit  boat-s  being  floated  on  them  at  the  lowest  stagft  of 
water.  The  timber  used  in  the  construction  of  the  ways  and  of  the  tilting  frames  was 
oak  exclusively.  The  angle  of  inclination  of  the  ways  was  about  13^^,  great  pains 
being  taken  in  their  construction  to  place  all  of  them  in  the  same  plane. 

The  tracks  were  6  inches  by  6  inches  pine  drift  bolted  to  8-inch  posts  driven  4  to  6 
feet  into  the  ground,  and  extended  back  about  300  feet  from  the  top  of  the  bank. 
They  were  used  not  only  in  sliding  the  boats  into  position  after  being  drawn  up  the 
ways,  but  alHo  served  the  purpose  of  blocking  in  keeping  them  above  ground. 

For  transferring  the  boats  from  the  ways  to  the  tracks,  and  for  changing  their  po- 
sition from  an  inclined  to  a  horizontal  one,  tilting  frames  were  used,  which  in  their 
inclined  position  would  connect  closely  with  the  different  pairs  of  ways,  and  when 
horizontal,  with  the  tracks.  Each  frame  revolved  on  an  oak  timber,  the  upper  half 
of  which  was  accurately  rounded  to  serve  as  an  axle,  blocks  with  a  semi-intrado  to 
match  the  axle  being  placed  on  the  under  side  of  the  tilting-frame  timbers.  The  sizes 
of  the  timbers  and  the  details  of  their  arrangement  are  shown  in  the  accompanying 
drawings. 

For  the  purpose  of  carrying  the  boats  to  the  tracks  that  were  not  directly  connected 
with  the  tilting-framesthe  set  of  cross-tracks  carrying  the  sliding  frame  on  which  the 
boats  were  placed  in  moving  them  was  used.  The  details  of  this  frame  are  shown  in 
the  drawing.  The  elevation  of  the  cross-tracks  was  fixed  so  that  the  upper  surface 
of  the  sliding  frame  would  be  on  a  level  with  that  of  the  main  tracks. 

The  power  used  for  hauling  the  boats  up  the  ways  and  out  on  the  tracks  was  ap- 
plied by  means  of  timber  capstans,  with  10-inch  drums  and  10|-foot  levers,  to  cash  of 
which  a  team  was  attached.     Four  capstans  were  used  in  hauling  the  boats  up  the 
ways  and  two  for  pulling  them  back  on  the  track.    In  pulling  out  the  heavier  boats 
there  was  used  in  addition  a  set  of  double  and  treble  blocks,  the  lines  from  which  were 
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carried  to  tbe  capstans.  The  lines  were  attached  to  the  boats,  in  the  case  of  the  two 
hydraulic  graders  and  the  two  iron  steam-launches,  by  means  of  slings  passed  around 
their  hulls ;  in  the  case  of  the  lighter  boats  by  means  of  iron  hooks. 

The  lines  from  the  boats  to  tne  capstans  uassed  over  pulleys  in  movable  frames, 
which  were  so  placed  on  the  bank  that  the  airection  of  tne  pull  was  approximately 
parallel  to  the  ways  until  about  one-half  the  width  of  the  i>oat  rested  on  the  tilt- 
ing-frames ;  the  pulley-frames  were  then  removed  and  the  boat  drawn  over  on  the 
tilting-frames  until  the  overhang  of  the  shore  side  of  the  boat  exceeded  that  of  the 
river  side  sufficiently  to  overcome  the  axle- friction  and  cause  the  frames  to  revolve. 
The  boats  varied  in  size  from  15  feet  by  60  feet,  weighing  about  16^  tons,  to  24  feet 
by  100  feet,  weighing,  with  the  machinery,  about  100  tons.  The  weight  of  the  iron 
steamers  was  estimated  at  about  55  tons  each. 

The  work  of  hauling  out  the  boats  was  begun  on  December  14,  1884,  about  which 
time  very  cold  weather  set  in.  The  river  was  closed  bj  ice  on  December  17.  This 
proved  a  serious  obstacle  to  getting  the  boats  out  rapidly,  on  account  of  their  freez- 
ing in  and  their  bottoms  being  coated  with  a  heavy  layer  of  ice,  which  could  not  be 
removed  before  pulling  them  out,  and  also  on  account  of  the  accumulation  of  slnsh 
ice  around  the  foot  of  the  ways  after  each  boat  was  taken  out. 

Ou  account  of  the  intense  cold  the  difficulties  of  proceeding  with  the  work  finallv 
became  so  sreat  that  it  had  to  be  suspended  temporarily  on  January  3, 1885,  although 
but  one-half  of  it  had  been  accomplished.  It  was  resumed  on  February  2,  1885,  and 
completed  on  February  6,  1885,  the  ice  surrounding  the  boats  and  ways,  amounting  to 
about  800  tons,  having  been  cut  out  and  removed  during  the  latter  part  of  January. 
Thirty-two  boats  in  all  were  taken  out  of  the  river  and  laid  on  the  tracks. 

The  whole  arrangement  worked  satisfactorily  and  without  the  occurrence  of  an 
accident.  The  ways  were  used  again  in  the  spring  for  launching  the  boats  after  their 
beiDg  repaired.  The  repairs  to  boats,  which  were  commenced  about  the  middle  of 
March,  1885,  consisted  iu  calking  and  pitching  the  seams  of  all  the  wooden  hulls; 
scraping,  repairing,  and  paintihg  the  hulls  of  two  iron  steamers,  '*  Melusina''  and  ''  Sa- 
brina  ** ;  making  necessary  repairs  to  the  machinery  of  the  graders  aud  steamers,  fitting 
up  a  quarter-boat  for  temporary  use  iu  field  work,  and  fitting  up  a  barge  to  be  used 
as  a  mattress-boat  duriug  spring  operations.  This  work  was  completed  early  in  May 
and  the  boats  all  launched. 

As  the  Kansas  C'ity,  Saint  Joseph  and  Council  Bluffs  Railroad  Company  gave  notice 
that  the  grounds  which  during  the  preceding  two  years  had  been  occupied  by  the 
buildings  used  for  quarters  and  storage  had  to  be  vacated,  it  became  necessary'  to 
remove  these  buildings  to  a  new  site.  This  was  done  in  September,  1884.  Besides 
the  buildings  moved  there  were  erected  several  frame  buildings  for  storing  plant,  &c. 
During  the  month  of  June,  I86b,  the  work  of  erecting  quarters  on  four  barges  for  the 
brush-gangs  to  be  employed  this  summer  aud  fall  Was  begun.  Some  repairs  were  also 
made  to  the  quarter- boats,  graders,  and  pile-sinkers  brought  from  Bushberg,  Mo. 

The  plant  from  Bushberg  began  to  arrive  on  April  21,  1885,  and  up  to  July  1  there 
were  received  six  hydraulic  graders,  four  pile-sinkers,  six  mattress-barges,  five  quar- 
tej'-boats,  twenty-five  100-foot  barges,  and  seven  64-f5ot  barges. 

SURVEYS  AND  PROJECTS. 

Surveys  of  the  Missouri  River  in  the  vicinities  of  Fort  Leavenworth,  Kans.,  Kansas 
City,  Mo.,  and  Lexington,  Mo.,  were  made  during  the  month  of  Jnly  1884.  On  these 
surveys  the  projects  submitted  to  you  under  date  of  July  31, 1884,  for  improving  the 
Missouri  River  in  these  localities,  and  the  estimates  of  cost  for  the  works  proposed 
therein  were  based. 

During  the  month  of  October,  1884,  a  survey  of  the  river  between  Kansas  City,  Mo., 
and  Randolph  Bluffs,  Mo.,  was  made  to  determine  the  extent  and  cost  of  the  works 
necessary  to  hold  the  river  in  its  position  at  that  time,  in  the  East  Bottoths,  immedi- 
ately below  this  city.  On  account  of  my  time  being  occupied  by  other  pressing  dn- 
ties,  the  project  for  this  work  was  not  submitted  until  December  31, 1884.  In  Feb- 
ruary, 18&,  a  new  project  was  submitted  for  the  improvement  of  the  reach  of  the  river 
extending  from  Quindaro,  Kans.,  to  Randolph  Bluffs,  Mo.  A  part  of  the  work  pro- 
posed in  this  project  was  constructed  this  spring.  A  description  of  the  work  done  is 
given  below.  During  the  latter  part  of  the  past  month  a  resurvey  of  the  river  from 
Parkville,  Mo.,  to  Randolph  Blufts,  Mo.,  was  made.  From  this  survey  it  appears  that 
since  the  fall  of  1884  erosion  has  taken  place  in  the  different  parts  of  the  reach,  as  fol- 
lows, viz : 

In  Parkville  Bend, — The  length  of  bank  eroded  is  4,300  feet,  with  an  average  width 
of  about  31  feet. 

In  Quindaro  Bend. — The  length  of  bank  eroded  is  10,000  feet,  with  an  average  width 
of  47  feet. 

In  the  upper  part  of  Kaw  Bend, — The  len^h  of  bank  eroded  is  5,165  feet,  with  an 
Average  width  of  135  feet  extending  from  tne  lower  end  of  the  dikes  constmcted  by 
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the  Kansas  City,  Saint  Joseph  and  Council  BhiffB  Railroad  Company  to  the  present 
head  of  the  revetinent  of  1882. 

In  the  extreme  lotvei-  part  of  Kaxo  Bend. — The  total  length  of  bank  en)sion  is  2,800  feet, 
with  an  average  width  of  44  feet.  Along  the  Harlem  front  the  erosion  is  slight.  The 
length  of  the  bank  eroded  is  2,800  feet,  with  an  average  width  of  18  feet. 

In  the  East  liottomft^  beloiv  Kansan  City,  Mo. — Thf  length  of  the  bank  eroded  is  5,8"^ 
feet,  with  an  average  wiilth  of  40  feet.  Most  of  this  erosion  occurred  in  February 
and  March,  1885.  An  attempt  was  made  by  the  owners  of  the  adjacent  lan<ls  to  pro- 
tect this  bank  during  the  summer  an<l  fall  of  1H83  by  constructing  four  rock  spurs, 
without,  however,  protecting  the  adjoining  banks  between  the  spurs  fVoni  the  eddies. 
When  the  survey  of  October,  1884,  was  made,  it  was  foun<l  that  in  consequence  of 
this  omission  one  of  these  dikes  had  been  severed  from  the  bank  by  the  erosion  of 
the  latter  and  had  sunk  out  of  sight.  Since  that  time  the.  other  three  have  als<ibeen 
tianked  and  are  now  in  the  channel  of  the  river.  As  a  large  v<dume  of  water  now 
tlows  between  them  and  the  bank,  they  have  ai<led  iu  tli«  destruction  which  they 
were  intended  to  prevent,  by  forcing  the  current  against  the  bank. 

COXSTHUC'TION    MATERIA I.S. 

S<»on  after  my  arrival  at  Kansas  ('ity,  about  the  middle  of  M;irch,  IHH"),  an  effort 
was  made  to  arrange  for  the  pnrchnse  of  rock  aii<l  brush,  to  Im-  ilelivered  al  tiie  sit«? 
of  the  i>n>j)Osed  works,  in  open  market.  Tliis  failed,  how«ver.  •  ii  ae<'oun(  of  the  higli 
prices  demanded  by  the  parties  offering  to  furnish  thes»e  materials.  Sub.se<iuently  an 
arrangefiient  was  made  with  the  Kansas  City,  Saint  Joseph,  and  Council  Hluffs  Rail- 
road C'ompany  to  furnish  rock  at  the  rate  of  .^7  per  car,  delivered*at  the  head  of .  the 
work.  This  company  also  constructed  a  side-track  for  the  delivery  of  rock  and  brush 
at  the  work. 

Thr<M'  thousand  five  hundred  and  forty-six  cubic  yards  of  rock  were  tnrnished  by 
the  railroad  company,  the  cost  of  which,  delivered  at  the  work,  was  6.). 4  cents  per 
cnl»i<'  yard.  , 

No  Mati.sfactory  arrangements  could  be  made  for  purchasing  the  brush  required  for 
the  work,  and  steps  were  taken  early  in  April  to  procure  it  by  hired  labor.  About 
1,2(M>  cords  were  piocnre<l  in  the  neighborhood  of  Harlem,  Mo.,  and  other  pointsnear 
the  work.  Of  this  (juantity  l,('Oi)  cords  were  transported  to  the  work  in  upper  Kaw 
Bend  by  railroad  and  2'K)  cords  by  barges. 

One  thousand  five  huudre<l  and  twenty-seven  cords  were  brought  from  Cow  Island 
and  latan  Bar,  a  distanc^e  of  about  45  miles  by  river,  of  which  there  were  transported 
to  the  work  lUO  cords  by  railroad  and  1,287  cords  by  barges,  towed  by  the  steamer 
*' Melnsina."  an«l  140  cords  by  barges,  towed  by  the  tow-boats  "Osceola"  and  "  Ether- 
idge.''  Tiie  barges  used  for  transporting  the  brush  from  Cow  Island  and  latan  Bar  were 
towed  to  these  points  by  the  tow-boats  '*  Osceola  "  and  "  Etheridge,"  the  steam  launch 
*'Mehisina"  being  used  to  tow  the  barges  loaded  with  brush  down-stream  to  the  work. 

The  average  cost  of  brush  per  conl,  inclusive  of  the  price  paid  for  it  on  the  stum]i, 
the  cost  of  transportation  by  teams,  steamboats,  and  railroad,  labor,  subsistence,  &c., 
was  81.9404  per  cord.  With  a  view  to  determining  the  quantity  of  brush  available 
for  tiie  purposes  of  the  works  proposed  for  the  summer  and  fall  operations,  and  to  s*-- 
curing  its  purchase  where  desirable,  a  careful  examination  of  all  the  brush  patches 
between  Atchison,  Kans.,  and  Camden,  Mo.,  has  been  instituted. 

CONSTRUCTION   OF   REVETMENT. 

Although  the  spring  of  the  year  is  not  a  favorable  season  for  carrying  on  works  on 
the  Missouri  River  on  account  of  the  high  stage  of  water  usually  prevailing  at  that 
time,  and  other  unfavorable  conditions,  it  was  decided  to  proceed  with  the  construc- 
tion of  revetment  in  the  upper  part  of  Kaw  Bend  for  the  following  reasons,  viz  :  The 
length  of  bank  in  the  u])])er  part  of  Kaw  Bend,  above  the  revetment  of  1882.  still  to 
be  protected  in  April,  188.'>,  was  8,.')00  feet.  The  erosion  in  this  locality,  referred  to  in 
foriner  reports,  has  been  and  is  still  going  on,  and  threatens  to  reach  the  revetment 
of  18.^2  and  cause  the  river  to  flank  and  destroy  a  portion  of  it. 

It  was  expected  i»y  the  work  constructed  this  spring:  (l).To  materially  reduce  this 
danger:  (2)  to  render  it  better  possible  to  complete  tne  revetment  in  the  upper  part 
of  the  ])end,  and  to  connect  it  with  the  revetment  of  1882,  before  any  very  extensive 
damage  ha<l  been  done  to  this  revetment,  than  would  have  been  the  case  if  the  con- 
strue Hon  of  all  of  it  bail  been  postponed  until  after  the  June  rise;  (3)  to  prevent  such 
chaitgcH  in  the  np])er  ])art  of  Kaw  Bend  as  would  probably  have  resulted  in  diverting 
the  main  flow  of  the  river  fr*^  in  the  lower  ]»art  of  the  bend,  thereby  producing  an  un- 
stable regimen  of  the  river  in  that  locality,  and  making  the  permanent  improvement 
of  the  river  in  this  vicinity  extremely  difticnlt  and  expensive. 
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TLo  oro.si()n  uKMitioiied  abovo  bud  been  goiug  on  for  over  two  yearn,  and  the  Kansu 
City,  Saint  JoBcpb  and  Council  Bluffs  Railroad  Company,  the  safety  of  whose  road- 
bed has  been  endangered  by  it,  has  during  the  uast  year  attempted  to  avert  this  danger 
by  conHtructing  a  number  of  rock-spur  dikes  along  the  shore  from  100  to  400  feet  apart. 
One  eflect  of  these  dike^  woh  to  create  the  usual  eddies  above  and  below  them,  which 
hastened  the  cutting  of  the  bank  immediately  adjacent,  and  seriously  impeded  the 
rapid  progress  of  the  niattreHS  work. 

The  ditlicultieH  of  the  work  were  further  increased  by  the  fact  thatduringthe  timr 
of  construction  the  bank  was  exposed  to  the  force  of  tue  current,  which  was  xntensi- 
tied  by  the  windH  prevailing  at  that  season,  having  a  full  sweep  in  the  direction  of 
the  current  for  Keveral  miles. 

This  made  the  sinking  of  the  mat  especially  diflicult,  as  on  account  of  its  pliabilitj. 
with  the  strong  current  quartering  ag4inst  it,  it  had  a  tendency  to  roll  up  while  lie- 
ing  sunk.  This  occurred  twice  toward  the  close  of  the  work,  i  he  latter  time  resnliiDK 
in  a  section  of  mattress  about  1,000  square  feet  in  area  being  torn  oat.  This  accident 
was  probably  caused  chieily  by  a  quantity  of  drift,  which,  by  the  force  of  the  wind 
and  current  conibiiHMl,  was  lodged  under  and  on  to]iof  the  nmttrcss  before  beingsunk. 
The  damage  was  re]>aired  by  weaving  a  new  section  of  mattress  and  sinking  it  n*i  as 
to  cover  the  break.  On  account  of  the  high  stage  of  wat-er  prevailing  at  the  time, 
the  height  of  bank  graded  was  only  from  7  to  12  feet.  The  slope  given  was  1  to  2f, 
except  at  the  dikes,  which  were  trimmed  down  to  a  very  flat  slope  before  being  cov- 
ered with  the  mattress,  and  the  banks  in  the  bays  between  the  diKes,  to  which  aslope 
of  1  to  2  was  given. 

From  the  time  w|^rk  connnenced  until  May  6  the  hydraulic  grader  formerly  used  at 
Saint  Charles,  Mo.,  with  a  pump  10  inches  by  16  inches,  was  used.  After  this  date  a 
hydraulic  pile-sinker  with  a  puni])  7  inches  by  16  inches  was  used.  The  pumps  on 
both  boats  were  single  cylinder  Davidson,  and  did  excellent  service.  The  smaller 
pump  answered  the  juirpose  sutliciently  well,  as  the  quantity  of  earth  to  be  moved 
per  loot  of  bank  was  <>oniparatively  small,  but  its  capacity  would  have  been  too  small 
had  the  bank  height  been  much  greater. 

The  total  (piantity  of  earth  moved  was  12,400  cubic  yards.  The  average  coat  of 
grading  per  cubic  yard,  including  all  expenses,  was  :).8  cents.  This  cost  is  high  and 
lurnisheH  no  eriterii)n  for  future  work,  as  neither  of  4ie  pumps  conid  be  worked  con- 
tinuously and  conNe(|uent1y  to  the  best  advantage,  frequent  stoppages  being  caoaed 
by  the  necessity  of  n>moving  the  rootlets  and  other  pine  drift  which  clogged  the 
strainers  of  the  pump-wells,  and  which  were  brought  there  by  the  eddies  caused  by 
the  dikes;  and  also  that  of  removing  the  rock  in  trimming  down  the  dikes  before  grad- 
ing could  proceed. 

In  constructing  the  n>vetnient  the  Sioux  City  woven  mattress,  strengthened  by  a 
system  of  galvanized  steel  wire-ropes,  was  used.  This  system  consisted  of  one  f -inch 
rope  laid  along  the  outer  or  stream  edge  of  the  mattress,  six  f-inch  ropes  beinff 
placed  at  intervals  of  15  feet  between  the  stream  cable  and  the  shore.  These  longi- 
tudinal ropes,  wbicii  were  jiaid  out  fmin  reels  placed  on  the  mattress-boat,  were,  ■• 
far  as  practicable,  woven  into  the  mattress  and  connected  with  each  other  by  trans- 
verse steel  wirtt-ro]>es  sjiaced  1.5  feet  apart.  These  latt-er  ropes  were  f  inch  in djameter, 
except  every  sixth  one,  which  was  |-inch  in  diameter. 

To  anchor  the  mattress  to  the  bank  the  transverse  ropes  were  sccnrely  attached  to 
the  stream  cable  by  stirruj)  bolts  and  the  shore  ends  to  pieces  of  rock,  weighing  in 
the  case  of  the  g-inch  ropes  about  200  pounds,  and  in  that  of  the  {-inch  rope  about 
350  )K>unds,  ami  being  set  in  the  fonner  case  3  feet,  and  in  the  latter  5  feet,  beneath 
the  surface  of  the  ground  on  top  of  the  bank. 

At  the  points  where  the  transverse  crossed  tho  longitudinal  ropes  the  latter  wers 
pulled  u])  tlirough  the  mat  and'the  transverse  ropes  passed  through  the  loops  thot 
iornuMl,  the  two  sets  of  rop<'s  then  being  fastened  together  by  wire. 

The  boat  used  in  1  be  construction  of  the  mattress  was  similar  to  that  nsed  here  in 
IhH-2  and  1>h:}.  (littering  therefrom  onlv  in  being  larger,  its  dimensions  being  4  feet  by 
16  feet  by  90  feet. 

Tbeniiittn'ss  had  a  thickness  of  from  10  inches  to  14  inches,  except  the  portion  on 
the  slo]M*  bank,  which  had  a  thickness  of  from  6  inches  to  8  inches. 

At  thrise  points  where,  through  the  eddy  action  before  referred  to,  the  bank  had 
been  eroded  betwe<>n  the  dikes,  it  had  been  intended  to  drive  lines  of  pilinff  between 
the  heads  of  the  dikes  across  the  bays  in  order  to  avoid  the  necessity  of  increasing 
th<'  width  of  the  mattress,  hut  this  was  found  impracticable  on  account  of  the  ob- 
struf:tions  met  with  below  the  bed  of  the  river  in  the  form  of  loose  rock,  which  had 
been  thr(»wn  there  by  the  railroad  company  during  the  past  year  in  constructing  their 
dikes.  It  therefore  beeauie  nect>ssary  to  increase  the  width  of  the  mat  at  such  points 
by  from  .')0  to  (50  U't't.     The  greatest  width  of  mattress  was  IHO  feet- 

The  total  length  of  mat  constructed  was  about  3,000  feet,  with  an  average  width  of 
133  feet,  making  a  total  area  of  about  400,000  square  feet.    The  average  area  of  mai 
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woven  per  man  per  day  for  the  whole  work  was  about  480  square  feet.    The  total 
quantity  of  brush  us#d  was  2,(>S0  cords,  or  ^^  cord  per  100  square  feet. 

All  the  mattress  above  the  water-surface,  amounting  to  73,500  square  feet,  was  cov- 
ered with  broken  rock,  leaving  about  60,000  square  feet  still  to  be  covered  after  the 
higli  water  subsides. 

The  net  cost  of  the  revetment,  exclusive  of  care  of  plant,  repairs  to  plant,  new  plant 
purchased,  and  surveys,  is  $5.00346  per  linear  foot. 

To  complete  the  work  by  covering  all  of  the  bauk  mattress  above  low  water  with 
rock  will,  it  is  estimated,  require  an  expenditure  of  $1,650,  making  the  total  net  cost 
per  linear  foot  $5.55346. 

I  have  been  ably  assisted  by  Mr.  R.  H.  Bacot  in  the  field  work,  and  by  Mr.  E.  P. 
Hermans  in  the  othce. 

Very  respectfully,  your  obedient  servant, 

Samuel  H.  Yonqe, 
Assistant  Engineer  in  charge, 
Maj.  Chas,  R.  Suter, 

Corps  of  Engineers,  U.  S.  A.y  President  Missouri  River  Commission, 
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REPORT  OF  MR.  S.  WATKR8  FOX,  ASSISTANT  ENGINEER. 

Saint  Joseph,  Mo,  ^  July  11,  1885. 

Major  :  I  have  the  honor  to  submit  herewith  a  report  of  the  operations  under  my 
charge  during  the  fiscal  year  ended  June  30, 1885. 

In  accordance  with  your  instructions  I  prepared  and  submitted  to  you,  July  31, 
1884,  a  project  with  estimates  in  detail  of  work  on  the  Saint  Joseph  Division  deemed 
peceswiiry  to  make  the  reaches  considered  reasonably  permanent  in  the  absence  of  a 
general  improvement  of  the  river. 

Accompanying  that  report  were  two  maps,  one  of  the  Saint  Joseph  Reach,  and  the 
other  of  the  Atchison  Reach,  both  compiled  from  surveys  of  1882  and  July,  1884. 

The  force  wuh  then  reduced  to  the  minimum  necessary  for  the  regular  duties  in  the 
office,  the  care  of  plant  and  reading  of  gauges.  The  maps,  reconls,  and  all  papers 
on  file  pertaining  to  the  improvement  works  in  the  vicinity  of  Glasgow,  Mo.,  and 
Saint  Charles,  Mo.,  and  the  survey  of  Missouri  River  from  Boon ville  to  Lexington, 
made  in  the  fail  of  ISo'i,  were  completed,  indexed,  and  transferred  to  the  Saint  £ouis 
office  tor  final  filing. 

In  October  the  gauge  at  Nebraska  City  was  repaired  at  a  cost  of  $100.  The  usual 
shore-line  surveys  and  cross-sections  were  made  in  the  vicinity  of  that  gauge  and  at 
White  Cloud  and  Saint  Joseph.  A  line  of  levels  was  run  to  each  gauge,  and  correc- 
tions in  elevation  of  zero  made  when  necessary. 

The  tleet  at  Ehvood  was  made  up  anew,  all  of  the  barges  thoroughly  cleaned  out, 
and  a  number  of  them  calked  preparatory  for  the  winter  season.  In  November  in- 
spections of  gauges  and  the  prescribed  surveys  in  their  vicinities  were  made  at  Wa- 
verly,  De  Witt,  Glasgow,  Boon  ville,  Jefi'ers*»n  City,  and  Saint  Charles. 

On  receipt  of  Special  Order  No.  1,  the  office  at  Saint  Joseph  was  closed.  The  fleet 
was  left  in  charge  of  three  watchmen.  I  reported  for  duty  at  Saint  Louis  on  the 
18th  of  November,  and  was  iissigned  the  charge  of  collecting  and  compiling  the 
physical  data  that  had  been  taken  from  time  to  time  at  points  on  the  Missouri  River 
from  its  mouth  to  Sioux  City.  The  work  was  begun  at  once  and  continued  under  my 
direction  until  March  9,  when  I  was  relieved  by  Mr.  James  A.  Seddon.  March  9  I 
left  Saint  Louis  under  instructions  to  proceed  to  Saint  Joseph  and  prepare  for  the  ex- 
penditure,  in  accordance  with  my  project  of  February  21,  1885,  of  the  allotment  of 
$105,000,  made  for  the  improvement  of  the  river  in  that  vicinity. 

An  office  was  opened  March  11.  The  loss  of  and  damage  to  United  States  engineer 
property  incident  to  the  break  up  and  movement  of  ice  in  the  Missouri  River  March 
9  was  reported  in  detail  in  my  letter  of  March  14.  The  burning,  on  the  28th  of  March, 
of  the  Buchanan  County  court-house,  in  which  our  office  was  located,  was  reported 
on  that  date.  The  loss  of  United  States  engineer  property  thereby  was  reported  in 
item  on  the  property  return  for  the  first  quarter,  1885. 

The  first  work  contemplated  in  the  project  was  the  repairs  to  the  El  wood  Revet- 
ment. Weaving  mattress  was  begun  April  4  and  finished  on  the  17th,  940  linear  feet, 
or  95,050  square  feet,  having  been  woven  in  three  pieces,  as  follows,  viz:  At  the  upper 
break,  5(30  linear  feet;  at  the  middle  break,  72  linear  feet;  at  the  lower  break,  308 
linear  feet ;  926.16  cubic  yards  of  rock  were  placed  on  the  mattress,  when  work  there 
was  suspended  until  after  the  June  rise. 
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Jhe  total  cost  of  tho  work  in  tliat  coudition  was  $'1,402.26,  or  $3.61  per  linear  foot. 
Au  additional  oxpense  of  DO  ceiit-s  per  foot  will  lie  incurred  in  the  deliver}'  and  plariof; 
of  675  cubic  j-ardsof  rock  fnrtherrttquired;  thus  the  total  cost  of  the  revetment  com- 
plete would  be  $4.51  per  linear  foot. 

The  other  work  contemplated  in  the  project  was  the  construction  of  revetment  in 
Bonton  Bend.  Weavin^j^  mattress  waH  bei|run  May  19  and  suspended  May  3fi,  775.^ 
linear  feet,  or  84,540.2  nqnare  feet,  having  been  woven  in  one  piece,  the  upper  end  rest- 
ing at  the  head  of  the  revetment  constructed  in  1882,  the  lower.end  lapping  the  revet- 
ment constructed  by  the  Saint  Jo8e]>h  Water  Coni]»auy  in  the  fall  of  18d4.  The  plac- 
ing of  rock  on  the  mattress  was  finished  June  12 ;  1,350.4  cubic  yards  in  all  were  used. 

The  total  cost  of  the  revetment  complete  was  $3,100.92,  or  $3.99  per  linear  foot. 

The  method  of  construction  of  both  works  was  in  general  accordance  with  tbe 
speciiications  contained  in  my  project  of  July  31,  IStiA, 

The  brush  and  rock  for  this  work  were  procured  by  hired  labor. 

Repairs  to  plant  were  made  as  required.    Work  was  suspended  June  12. 

It  IS  proposed  to  resume  the  construction  of  revetment  in  Bonton  Bend  daring  the 
current  month. 

I  am,  major,  with  great  respect,  your  obedient  servant, 

8.  Watkrs  Fox, 


Maj.  Charles  R.  Suter, 

Corps  of  Engineers t  l\  S,  J,, 

President  MUsouri  River  Commission. 


A§$i$iant  Engk^mr. 


Appendix  O. 

REPORT  OF  CAPTAIN  JAMES  B.  QUINN,  CORPS  OP  BMGIKBRIIS. 

Saint  Paul,  Mhvn.,  A^guBi  10, 1885. 

Major  :  I  have  the  honor  to  transmit  herewith  report  of  operations  for  improyiDt 
Missouri  River  from  Sioux  City,  Iowa,  to  Fort  Benton,  Mont.,  for  the  fiscal  year  end- 
ing June  30, 1885. 

Very  respectfully,  your  obedient  servant, 

James  B.  Quihk, 
'Capfoiii  of  Bnginetn, 
Maj.  Charles  R.  Suter,  U.S.A., 

I'resident  JUissouri  River  Commission. 


IMPROVEMENT  OF   THE  MISSOURI  RIVER  FROM  SIOUX   CITY,  IOWA,  TO  FORT  BKHTOV, 

MONTANA  TERRITORY. 

By  act  of  Congress  approved  July  5,  1884,  the  direction  of  the  improTement  of 
the  Missouri  Rivor  was  vested  in  a  Commission.  This  act  neoemarily  oaiued  an  im- 
mediate suspension  of  all  active  operations  upon  the  river  until  the  CommiaBion  conld 
be  organiztMl  and  a  ])olicy  for  the  improvement  of  the  river  determined  npon.  At  it 
was  believed  that  this  delay  would  be  of  short  duration,  the  repairs  to  plant  nnder 
way  were  carried  to  n  concluHimi,  and  atfairs  maintained  in  such  a  condition  as  toper^ 
mit  of  an  immediate  resumption  of  active  work  as  soon  as  circuuist-ancea  would  per^ 
mit. 

THE  STEAMER   EMILY. 

The  small  Hteani<T  KFiiily,  belonging  to  the  work,  was  thoroughly  overhauled  and 
provided  with  iMni)]M)tind  engineH  of  an  improved  kind.  These  engines  were  of  the 
Wollf  ty])e,  the  high-prcsHiire  cylinder  being  12  inches  in  dianieterand  the  low-preti- 
nre  c.vlin<l<'r  24  incht'H,  the  Htroke  of  each  being  4*2  inches.  The  low-pressure  cylin- 
der exhausted  into  the  stack  ;  no  vaeuum-puin])  or  condenser  was  employed. 

No  (rhunge  was  made  in  rh<;  boiler.  A  cut-oti' mechanism  was  provided  forthehisli- 
])reKsure  cyliuder,  hut  as  it  was  found  that  more  steam  was  generateil  by  the  lioiler 
tlian  eould  be  used  when  it  was  in  gear,  it  was  disconnected,  and  thesteani  followsd 
in  the  high-pressure  cylinder  during  full  stroke,  as  it  did  also  in  the  low  presHurp. 

The  results  of  the  first  trial  trip  compartMl  with  a  similar  trip  with  the  old  high- 
pressure  engines  are  as  follows,  viz: 
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Items. 


DUtance  run miles. 

Average  speed  per  hoar • do.. 

Fuel  per  hour ^ cords. 

Fuel  per  mile do.. 


1883. 

14 
5.56 
0.849 
0.192 

1884. 


14 

10.23 
0.481 
0.06 


The  boat  handled  admirably  well,  and  altogether  the  trial  was  exceedingly  satis- 
factory ;  in  fact,  the  results  were  believed  to  be  entirely  too  flattering,  and  an  oppor- 
tunity to  make  a  comparative  test  over  a  longer  distance  was  awaited  with  impa- 
tience. This  opportunity  occurred  late  in  the  fall.  Word  was  received  at  the  office 
that  the  watchman  in  charge  of  the  Government  property  at  Gallatin  Rapids,  Mon- 
tana Territory,  had  been  obliged  to  abandon  his  post  and  seek  safety  from  the  depre- 
dations of  a  band  of  horse  thieves  and  assassins  who  had  banded  together  under  the 
name  of  "regulators'^  and  were  scouring  the  banks  of  the  Missouri  River,  hanging  or 
driving  off  all  those  who  were  not  members  of  the  gang  or  who,  unsuspicious  of  per- 
gonal danger,  were  seeking  to  earn  an  honest  livelihood  by  hard  work  in  isolated 
places. 

Although  it  was  quite  late  in  the  season,  it  was  resolved  to  send  the  Emily  to  Gal- 
latin Rapids  to  bring  down  to  Bismarck,  for  temporary  safety,  such  stores  as  it  would 
not  be  prudent  to  leave  unguarded  at  Gallatin  ;  nirtherniore,  it  was  believed  that  the 
services  of  the  Emily  would  be  required  in  the  vicinity  of  Bismarck  in  the  spring,  and 
that  she  might  safely  winter  there. 

The  river  between  Sioux  City,  Iowa,  and  Pierre,  Dak.,  had  recently  been  surveyed 
and  the  distance  between  the  two  points  ascertained  to  be  372  miles.  In  1881  the 
Emily  steamed  over  this  course,  when  the  stage  of  water  was  4  feet  higher  than  when 
the  trip  was  made  in  1884.    In  both  cases  the  course  was  against  the  current. 


Items. 


Distance : miles.. i  372 

Speed  per  hour do...'      3.618 

Fii el  per  hour cords. .1      0.926 

Fuel  per  mile do...:      0.27 


1884. 


872 
4.762 
0.680 
0.144 


It  is  safe  to  say  that  the  new  engines  effected  a  saving  of  fully  one-half  the  fael 
previously  required  to  make  this  trip,  since,  owing  to  the  low  stage  of  water,  in  1884 
the  steamer  was  aground  and  sparring  11  hours  So  minutes,  during  which  time  fuel 
was  being  used,  and  which,  not  being  deducted,  increased  the  amount  consumed  per 
mile.  In  1881  the  steamer  was  aground  and  sparring  but  35  minutes,  and  the  deeper 
water  was  otherwise  very  much  in  her  favor. 

Although  the  engines  of  the  Emily  were  far  from  perfect,  they,  without  doubt, 
proved  the  econoiLy  and  applicability  of  compound  engines  for  the  propulsion  of 
Up{>er  Missouri  River  boats.  It  is  a  matter  of  regret  that  the  life  of  this  steamer  was 
not  prolonged  for  another  season,  as  I  am  confident  that  much  better  results  both  as 
regards  speed  and  economy  in  the  use  of  fuel  were  within  the  range  of  possible  at- 
tainment. 

LOSS   OF  THE   EMILY. 


Although  the  Emily  returned  to  Bismarck  several  days  after  the  usual  close  of  nav- 
igatioy,  the  river  was  still  open,  and  she  was  taken  to  a  point  about  7  miles  above  the 
Bismarck  Bridge,  as  secure  a  place  for  wintering  as  it  was  believed  possible  to  find  in 
the  viciuity  of  Bismarck.  She  had  hardly  arrived  at  this  place  when  the  ice  closed 
in  around  her,  and  after  the  usual  winter  preparations  she  was  left  in  charge  of  a 
watchman,  with  the  positive  assurance  by  experienced  steamboat  men  that  she  was 
perfectly  safe.  Under  ordinary  circumstances  she  probably  was  so,  but  most  unex- 
pectedly there  came,  on  the  last  of  November,  a  previously  unheard-of  rise,  and  broke 
up  the  ice  in  the  river,  which  forced  the  Emily  out  on  to  the  bank,  where  she  froze  fast 
before  she  could  be  freed  from  surrounding  ice  and  launched.  Several  other  boats 
which  were  wintering  on  the  opposite  side  of  the  river  came  very  near  meeting  the 
same  fate,  but  were  aave<l  by  a  providential  wind  which  blew  off-shore.  The  severity 
of  the  winter  prevented  anything  being  done  for  the  rescue  of  the  steamer  before 
March,  when  a  force  was  set  to  work  to  free  her  from  the  ice  and  place  her  in  the 
water.  The  ice  was  cut  from  around  her  as  much  as  possible,  and  as  the  water  had 
again  begun  to  rise,  jack-screws  were  applied  to  free  her  from  the  frozen  bank.  She 
yielded  suddenly  to  the  strain,  but  carried  off  so  much  earth  adhering  to  her  bottom 
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that  she  was  gradually  dragged  down  and  sunk  in  about  12  feet  depth  of  water.  All 
efforts  to  raise  her  proved  unavailing,  and,  with  the  exception  of  sacb  articles  of  gen- 
eral outfit  as  could  bo  rescued,  she  is  a  tot-al  loss. 

IMPROVEMENT  OF  THE  '*  ROCKY"  RIVBH. 

The  project  for  the  iuiprovcnient  of  the  portion  of  the  Missonri   River  from  Sionx 

City,  Iowa,  to  Fort  Benton,  Mont.,  having  been  submitted  for  the  coDsideration  of 

.the  CommisHion,  so  much  of  it  as  referred  to  the  iiupi'ovement  of  the  rocky  portion 

was  ap|)rovcd  and  the  necessary  allotments  of  the  funds  available  for  the  work  werv 

made  December  2,  1884. 

Steps  were  immediately  taken  to  carry  out  the  designs  of  the  Commiiisiou.  After 
considerable  correspondence  an  agreement  regarding  the  delivery  of  inacbiDery  for  » 
first-class  dredge,  containing  such  features  of  constfuotion  as  the  charaot^r  of  tbe 
work  upon  which  It  was  to  be  employed  necessitated,  was  eonclud<-d  with  the  Osgood 
Dredge  Comi)any,  Albany,  N.  Y.,  January  8, 1885.  The  machinery  was  to  be  deliv- 
ered at  Bismarck  Lauding,  Dakota,  free  on  board,  for  $15,304.  This  machinery  was  to 
leave  Albany,  N.  Y.,  in  time  to  permit  it  to  reach  Bismarck  by  April  1.  The  contract 
for  the  construction  of  the  hull  and  cabin  for  this  dredge  was  awarded  to  ChapmaD 
&  Lynch  the  lOth  of  March.  Free  transportation  for  the  materials  and  labor  from 
BiHinarck  to  Fort  Benton  was  to  be  provided  by  the  United  StAteH,  and  the  dredge, 
hull,  and  cabin  were  to  be  completed  m  one  month  after  the  laudiu^r  of  the  luaterialB. 
Upon  the  completion  of  the  hull  and  cabin,  &o.,  the  contractors  were  tu  receive 
$7,500,  leHS  such  sum  as  might  be  forfeited  through  failure  to  deliver  in  time,  Jbc. 

February  10,  l'"85,  a  contract  was  made  with  Chapman  &,  Lynch  t.n  fkirniah  afloat 
at  Bisnmrck  Jjunding,  us  soon  after  the  ice  left  the  river  as  was  practicable,  Ave  barges 
at  $9i)9.25  each,  and  one  quarter- boat  for  :p2,575. 

February  10,  1885,  the  purchase  of  the  steamer  Josephine  to  servo  as  a  snag  boat 
was  agree<i  upon,  the  owners  to  make  such  repairs  and  additions  as  were  reci aired  to 
fit  the  boat  for  the  service  desired,  and  to  deli  ver  her  afloat  with  steam  np  and  in  good 
running  order  at  Bismarck  Landing  as  soon  as  the  condition  of  the  navi|(ation  in  the 
spring  would  i>eriiiit,  for  Si:},*iOO. 

Numerous  other  contracts  wore  made  for  the  delivery  of  supplies,  tools,  4&c.,  to  be 
delivered  at  Bismarck,  Dak.,  a.s  soon  as  navigation  opened. 

DEPARTURE   FOR   FIRIJ)  OF  OPERATIONS. 


In  anticipation  of  the  breaking  up  of  the  ice  a  crew  for  the  Josephine  and  a  small 
working  force  were  started  for  Bismarck,  where  they  arrive<l  April  5.  I  arrived  at 
Bismarck  myself  April  6,  during  the  afternoon  of  which  day  the  final  break  np  of  the 
ice  took  place.  As  tht;  winter  had  been  very  severe,  and  the  ice  in  ths  river  was  un- 
usually heavy,  I  anticipated  the  usual  gorging  and  flooding  of  the  banks,  but  the  ice 
moved  out  quietly  aTid  no  damage  was  done.  As  soon  as  the  railroad  oflicials  wars 
assured  thai  there  was  no  danger  from  the  gorging  of  the  ice,  they  commenced  to  move 
down  to  the  landing  the  train-loads  of  freight  which  had  been  held  in  the  upper  yards 
for  security.    The  working-force  was  at  once  put  to  work  unloading  the  oars. 

On  the  8th  of  April  the  steamer  Josephine  arrived  at  the  landing,  and  after  a  short 
trial  trip  of  a  cou])le  of  miles  down  the  river  and  back,  to  assnre  myself  that  the  ma- 
chinery and  a])])urtenances  were  all  in  good  order,  the  boat  was  accepted,  and  the 
loading  of  the  machinery,  lumber,  and  sui)pli<^s  upon  it  was  at  once  proceeded  with. 
Shortly  after  the  river  was  free  from  ice  the  new  quarter-l>oat  and  barges  were  safely 
launched. 

Four  of  the  barges  were  left  at  Bisnuirck,  and  but  one,  loaded  with  machinery,  and 
the  quaiier- boat,  loaded  witli  luujber,  were  taken  in  tow  by  the  Josephine  on  ths 
tirst  trip  up. 

Althougli  the  weather  was  very  stonny,  an<l  several  delays,  cansed  by  fiirions  snow- 
storms and  gales  of  wind,  occurred,  the  steamer  arrived  safely  at  its  destination.'  It 
is  estimated  that  1,000,000  ])()unds  of  freight  were  transported  by  the  Josephine  on 
this  trip,  whi<rh.  if  shipped  by  other  conveyances  at  the  usual  rate  of  $1.60  per  lOD 
pounds,  would  have  cost  the  Cjlovernment  in  the  vicinity  of  816,000.  From  this  it 
wouhl  certainly  appear  that  the  ])urchase  of  the  Josephine  was  a  profitable  specula- 
tion. But  this  bit  of  sunshine  was  not  altogether  without  its  shadows,  for  in  the  fb- 
turn  trip,  and  almost  at  the  end  of  the  journey,  the  wheel-shaft  suddenly  broke,  and 
the  vessel  cunc  very  near  being  wrecked.  The  cost  of  repairs  to  machinery,  in  con- 
sequence of  this  niisliap,  amounted  to  $L,400,  and  the  vessel  was  rendered  useless  for  S 
whole  month. 

DAM-nriLDING. 

The  dam-building  party  was  hinded  at  Two  Calf  Island  the  last  of  April,  and  pat  to 
work  getting  brush  and  other  materials,  it  being  the  intention  to  repair  the  dikes  at 
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Graud  Island  as  soon  as  the  stage  of  water  would  permit.  By  the  end  of  jane  qaite  a 
large  amount  of  material  had  been  collected,  but  the  water  was  still  too  high  to  permit 
work  upon  the  dam  to  be  commenced  before  the  end  of  July. 

SNAGOINO  OPERATIONS. 

Owing  to  the  failure  of  the  last  river  and  harbor  bill,  no  funds  were  availabU  for 
carrying  on  this  work  this  season.  There  are  a  ^reat  many  snags  at  present  obstruct- 
ing the  channel,  and  their  removal  is  of  pressing  nece88it3\  It  is  hoped  that  next 
season  will  witness  a  commencement  of  this  important  work,  since  the  boat  with  which 
to  do  it  is  already  on  hand. 

RECOMMENDATIONS. 

As  soon  as  the  ice  goes  out  of  the  river  in  the  spring  it  would  be  advisable  to  com- 
mence the  removal  of  sna^s  at  Sioax  City  and  continue  the  work  up  the  river  until 
the  time  of  high  water,  wnen  the  boat  might  proceed  to  Bismarck  and  take  up  such 
supplies  and  working-parties  as  would  be  needed  in  the  upper  portion  of  the  river. 
For  this  work,  next  season,  there  will  be  required  the  sum  of  |22,000. 

Although  it  will  hardly  be  possible  to  do  much  with  the  dredge  this  season  it  should 
not  be  allowed  to  stand  idle  next  season.  To  keep  it  in  operation  during  the  season 
will  require  the  sum  of  |;'20,000. 

In  connection  with  the  dredge  there  will  be  required  a  dam-building  party  to  close 
chutes  and  protect  the  cuttings  made  by  the  dredge,  and  to  dispose  of  the  material 
removed  from  the  channel  by  the  dredge  at  places  where  it  cannot  be  dropped  out  of 
the  way.     To  provide  for  this  party  not  less  than  $15,000  will  be  required. 

The  services  of  a  small  tow-boat  will  be  required  for  the  efficient  service  of  the 
dredge  and  the  dam-building  party.  This  need  not  be  very  large,  but  something  after 
the  plan  of  a  powerful  launch.  Such  a  boat  should  be  delivered  at  Bismarck  Landing 
for  |t),500,  and  might  be  operated  for  the  season  for  $5,000,  or  a  total  for  launch  and 
expenses  of  $11,500. 

For  incidental  expenses,  such  as  the  office  expenses  and  inspection  of  district  officer, 
repairs  to  plant,  miscellaneous  tools  and  appliances,  surveys  of  localities  under  im- 
provement, iVc,  there  will  be  required  the  sum  of  $15,000. 

SUMMARY  STATEMENT. 

8nagging  operations $22, 000 

Dredging 20,000 

Dam  building 15,000 

Steam  tug  or  launch 6,500 

Towing  expenses 5, 000 

Incidental  expenses 15,000 

Total $83,500 

IMPROVEMENT  OF  THE    "  SANDY"   RIVER. 

As  no  work  upon  the  sandy  portion  of  the  river  has  been  attempted  since  my  proj- 
ect for  the  improvement  of  this  portion  was  submitted  for  the  consideration  of  the 
Commission  last  December,  the  situation  is  without  chanp^e.  If  my  project  meets 
with  approval  at  least  $160,000  might  be  expended  upon  this  part  of  the  river,  mak- 
ing the  grand  total  for  the  whole  section  of  the  river  from  Sioux  City,  Iowa,  to  Fort 
Benton,  Montana,  $'243,500. 

CONCLUSION. 

• 

It  will  be  observed  that  upon  this  section  of  the  Missouri  River  all  the  work  done 
tinder  the  direction  of  the  Commission  is  of  a  preparatory  character,  but  it  is  hoped 
that  with  the  aid  of  a  dredge  and  the  parties  at  work  on  the  dams  a  very  sensible 
improvemont  of  the  Rocky  River  will  have  been  effected  before  the  close  of  naviga- 
tion. The  permanent  improvement  of  this  portion  of  the  river  is,  I  think,  entirely 
feasible  with  a  very  moderate  outlay.  As  this  is  the  portion  that  at  present  presents 
the  greatest  obstacles  to  navigation,  it  should  very  properly  receive  the  earliest  atten- 
tion. As  to  the  remainder  of  the  river,  it  is  safe  to  assert  that  the  removal  of  the 
«nag8  from  the  hends  and  deep-water  channels  would  be  of  very  great  assistance,  and 
is,  at  present,  the  most  pressing  requirement. 

But  while  the  further  betterment  of  the  channel  will  admit  of  slight  delay,  it  is 

well  to  bear  in  mind  the  fact  that  as   the  country  develops  the  river  commerce  will 

ncreaso,  and  a   better  channel  will  become  a  necessity.    At  present  the  conntry 
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tbroii^li  which  tlift  riviir  flows  is  8parsc»ly  settled.  No  imnortmit  private  enteriiriiw* 
occupy  its  banks,  and  such  rectification  of  channel  }M  might  he  uecessury  can  he  uov 
carried  out  witliout  encroaching  upon  valuable  preserves.  The  bmsband  tiniberiinT 
available  for  such  work  will  shortly  be  in  the  possession  of  private  parties,  who  wonld 
exac1>from  the  Government  its  fnll  value,  and,  in  consequence,  feasible  works  of  im- 
provement to  day  m<ay  for  financial  reasons  be  impossible  in  the  future.  Now  is. 
then' fore,  fhe  most  advantageous  time  to  commence  and  put  the  cbanufl  in  ^w^ 
order  in  advance  of  the  necessities  of  commerce,  and  thereby  present  a  real  em-our- 
agoment  to  its  advancement,  instead  of  jirocrastinating  till  t^ie  charact4*r  4>f  the  ef>ui- 
mer<;e  is  such  as  to  demand  that  the  improvement  be  made,  and  thus  perverting  the 
sensible  view  of  such  works,  and  making  commerce  an  encouragement  for  improve- 
ments of  water-ways. 

Already  the  character  of  the  commerce  np<m  the  Tppor  Miss<mri  is  assaniing  a  fea- 
ture that  points  to  its  permanent  increase.  The  down-river  freight  is  almost  equal  to 
"ffiat  carried  u])  stream,  and  bids  fair  ti>  exceed  it  in  a  short  time.  The  cereals  raimnl 
in  tlie  Up])er  Missouri  River  Valley  are  the  finest  in  the  world,  and  the  niiueral  re- 
sources are  apparently  inexhaustible.  Coal  and  iron  ore  of  the  finest  quality,  in  but 
short  distances  from  superior  wuter-i>oweradvantMg(^s,  await  the enterprist'  ofHoiueoDe 
to  start  the  mills  and  factories  for  the  supply  of  all  the  country  bonlerin^  the  Mis- 
souri. The  superior  quality  of  the  grasses  growing  upon  the  uplands  bordering  the 
river  valleys  has  already  drawn  immense  herds  of  cattle  U>  it,  ana  the  sheep  industry. 
which  is  but  in  its  infancy,  already  ships  down  the  river  over  1,000,0(K)  iioumls  of 
wool  a  year.  It  needs  but  a  casual  glance  to  convince  one  that  tho  iKtssibilities  of 
this  region  have  not  yet  been  even  guessed  at ;  that  it  must  iu  time  become  popnloiu, 
and  maintain  all  tlios«;  industries  in  a  flourishing  condition  which  appertain  to  civil- 
ization ;  that  the  wild  and  wayward  Missouri  must  in  time  yield  to  persistent  bnt 
gentle  treatment,  and  develo])  into  a  deep  and  commodious  avenue,  wherein  the  com- 
merce of  this  country  shall  pass  securely  and  economically. 

Money  statement. 

December  2,  1884,  amount  allotted  by  Commission |99, 000  00 

Amount  expemled  to  June  :M),  18jH5 t&5,041  79 

Outstanding  liabilities  (estimated)  .juno  :W,  i>m 9,928  74 

64. 970  53 

July  1,  1^*85,  amount  available ^,029  47 

Amountthat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18d7.f!243, 500  00 


FINANCIAL  STATEMENT  TO  JUNE  30,   1885. 

Appropriation  for  Misnouri  Hirer  Comminitionf  acts  of  August  2,  1882,  and  «7iiZjf  5,  1884; 
approi)riation  for  improving  Missouri  Rirer  from  Sioux  Citg,  lowa^  to  Fori  BemioUf 
Mont. 


DisbnrMmentB  Upper  Miwoari  dUtrict. 


Object 


l^i^*"!J°*^®„'Allotmentfor 'Allotment 
ornco.  ate,  m-        ^  ^^j       IpuPchMeand 

'pTsW dl8-^  Fort  Benton.  '^repSE?  Sf 
iTrictoSi^ce!.'  Mont.       ,       pl«it. 
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Harbor  of  rcfujjo,  (ireat  Kuuawha Kiv<M\  W.  Va.,  coii- 

strurtion  of ■  284  l^Sf. 

Harbor  of  refu^jo,  Lake  Huron,  constructiou  of 33W  'J151 

Harbor  of  refuge,  Lake  Pepin,  MiHAiHsipin  River,  con-  ' 

Htruetion  of *^2  1657 
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Harbor  of  refuge,  Portage  Lake,  J^ake  Michigan,  con- 

Htruetion  of.... 316  200? 

Harbor  of  refuge,  nioutli  of  Salmon  Kiver  and  the  inner  i 

natural  harbor  thereat,  on  Lake  Ontario,  exaniina- 

t  ion  and  survey  for 352  SsJtfl 
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Harbor  of  refuge,  Sanily  Bay,  Cape  Ann,  MaHH.,   con-* 
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Inland  navigation   from  Chincoteague   Bay,  Va.,  to 
Delaware  Bay  at  or  nearl^wes,  Del.,  examinations  i  i 

and  surveys  with  view  to  forming  continuous 137    891  I 
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improvement  of 167  1070! 
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River,  Fla.,  improvement  of 191  1234 

Islias  Creek,  San  Francisco  Bay,  Cal  ,  examination  of.    360  2340 
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Key  West,  Fla.,  defenses  ot 38 

Key  West,  Fla.,  imj)rovement  of  harbor  at 195                     1267 

I^c  la  lielle  Harbor,  Mich.,  examination  and  survey  of 

La  Fonrdu'  Bayou,  La.,  improvement  of 

La  Grange  Bayou,  Fla.,  im))rovcment  of 

Lake  Bistenean,  La.,  examination  of 

J^ake  Ghamjdain,    examination   an<l   survey  at    Four 

Ghannels,  N.  V 

Lak«'  City,  Minn.,  construction  of  harbor  of  refuge  at.. 
Lak«'  Huron,  harbor  of  refuge  on,  at  Sand  Beach,  Mich. 
Lakes,  northern  and  northwestern,  issue  of  charts  of. . 
Lake  Traverse  and  Big  Stone  Lake,  Minn.,  examination 

.  with  view  to  <*onnecting 29()  1951 

I^ake  Worth  and  Jupiter  Inlet,  Fla.,  examination  for 

inland    navigation    from    the    Saint    John's    River 

through  Mos(|uito  Lagoon  and  Indian  River  to 191>  1291  • 

L'Angnille  River,  Ark.,  iniprovement  of 251  1600 

Lawrenceburg  Harbor,  Ind.,  examination  and  survey  of.    285  1839 

Laws  of  Forty -eighth  Congress,  second  session,  aftect- 

iug  C\»rps  of  Engineers 401 

Leonardtown  Harbor,  Md.,  improvement  of 145  964 

Lewes,  L>el.,  construction  of  piers  at 121     845 

Lewis  River,  Wash.,  examination  of 372  2444 
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Lickinji;;  KiviT,  Ky.,  oxainination  and  Niirv«^y  of  bar  op-  | 

jMiHitc  month  of i 

Little  K;i«r  llaibor.  X.  .!.,  removal  of  wrook  olf ' 

LittK'  Marhor.'it   PnrtsiiHuitli,  N.  H.,  ('xaiiiinatioii  of  ..: 

Ijitth"  Kanawha  Kivor,  W.  Va.,  im]>rov('moni  of i 

Lit  til-   Narra<ra]isrtt   Ha\,   K.   1.  and  Couii.,  iiiiprovo-  | 

im*nt  of 

Ijitth'  Ki'd  Kivci,  Ark.,  »'Xaiiiinalinii  and  Hurvoy  of 

Litth'  Iiiv«'i',  Ky..  examination  of 

I  jink'  Sodiis  llai'hor,  N.  V.,  improvement  of 

Little  Tennessee  Kiv«-r,  im])rovement  of 

Lirtle  Traverse  Hay,  Mieh.,  examination  for  harbor  of 

refn;jiMiear  I'etoskev 

Ijo^wy  liayon.  La..  improvem4*nt  of 

Lon;;  Meaeli,  N.  Y.,  examination  and  snrvey  of  Hahlwin 

liiver  at  Haldwin  Station  to  eonneet  with 

Lonisvilli-  :uid  Port  land  ( 'anal,  operat  inj^  and  maintain- 

jllir  _  ...  .  _.  _.      

'•'i^----   •■    ■----• --.    ......       .....   ......    ....   .... 

L(»wer  (.Mi'ar\vat(;r  Kiver,  Idaho,  improvement  of 

Lower  Wilianu'tte  and  ('olnmbia  rivers.   Ore;;.,   ini- 

])ro vemt-nt  of 

Lnbeu  (Miannel,  Me.,  im}>rovement  of 

Lndintfton  Harbor,  Mie.h..  plan  and  eKii mate  for  harbor 

of  refuse  at 

Lndin;;t<>n  Ilaibor.  Mieli.,  improvement  of 

Lynn  Harbor.  Mass..  improvement  of. 

Maekinae  Harbor,  Mieb.,  examination  of    

.Mableii  Kiver.  Mass. .  im])rov«Mnent  of 

Mamaroneek  Harbor,  N.  Y.,  improvement  of 

Manasfpian  Kiver,  N..I.,  improvi>menl  of 

Manatee  Kiver.  Fla..  im|>rovemenl  ol" 

Manistfi-  Harbor,  Mieb.,  impiovement  of 

.ManiHti«iiH'  Harbor,  Mieb.,  improvement  of 

Manilowoc  Harbor.  Wis.,  im)n'o\einent  ol' 

Mantua  <  'r«M'k,  N.  .1.,  im|>]-ovenHMit  ot'. 

Maps,  military  and  «;«'o;ira|diieal.  preparation  of 

Maf|Mani  ISay.  Swantoiu  Vi..  exaTuinaiion  and  snrvi-y  of 
Marblc!:ea<i  Harbor.  Mass..  exaniination  for  repair  of 

si-a-vvall   

MaieuN  Hodk,  Pa..  impro\<MiH'iit  of  ier-harbor  at 

Manimtle  Harbor,  Mieb.,  improvement  of 

Ma^sena.  N.  Y..  improvement  of  (Jrass  Kiver,  at 

&lata<rnr(la  Hay,  Tex.,  improvement  of  ent ranee  to 

Mattaponi  K*iv<'r.  Va..  im])rovement  of ' 

Mattawan  Cri'ek,  S..).,  improvement  of ' 

Manriee  Kiver,  N.  .J.  impntvement  of 

Meeker's  Island,  Minn.,  loek  and  dam  at 

Mehi'rrin  Kiver.  N    ('.,  improvement  of.. i 

Menomonee  Harbor.  Mieb.  and  Wis.,  impnivenient  of  . 

Merrimar  Kiv<'r,  Mas.s.,  improvement  of ! 

Mie.lii;:an  City  Harbor.  In  i..  improvement  of j 

.Milford  Harbor,  Conn.,  improvement  of ■ 

Milwaukee  Hay.  eonstrnetion  of  harb:)r  of  refnjje  at.. 

Mihvaukei'  Harbor,  Wis.,  im]irovement  of 

Minnesota  Kivt-r,  Minn.,  imjirovenient  «)f 

Mis]»iilion  Cieek,  Del.,  improvenient  of 

Mississippi  (Lower)  and  -Mi»^sonri  rivers,  operations  of 

sna«>- boats  on 

Missi.sKi]>]M  Kiver: 

above  Kails  (d'  Saint  Anthony,  improvement  of. .. 
at  Alton,  111.,  improvement  of 
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lliHsisNippi  River — CoiitiinHMi. 

at  Capi*  Giranleaii,  im|)rov«'MH*iit  of 

at  Dt\s  Moiitt^s  Ua]>i(lM,  iiiiprovoiiient  of 

at  Dubiujue,  Iowa,  improvement  of 

at  Falls  of  Saint  Anthony,  improvement  of 

at  Lake  P«»j>in,  constrnetion  of  harbor  of  refnjje.  .. 
at  MjH'ker's  Inland,  Minn.,  I'onstrnctioii  of  lock  and 

dam 

at  Qniney  Bay,  111.,  improvement  of 

at  Kock  Island  Harbor,  improvement  of 

at  Kock  Island  Hapids,  improvement  of 

examination  and  survey  for  removal  of  thcs  bar 
and  obstructions  at  and  near  the  month  of  Whip- 
ple Creek,  in  Qniney  Hay 

opposite^  Saint  Louis,  Mt).,  inn»rovement4)f 

6ny  Island  Levee,  examination  of 

between    the    months   of    the    Illinois   ajul    Ohio 

rivers,  improvement  of 

in  the  vicinity  of  (Jnttenberg,  Iowa,  examination 

and  survey  of 

from  Des  Moines  Kapids  to  mouth  of  Illinois  River, 

imj>rovement  of 

from  Saint  Paul  to  Des  Moines  Rapidft,  improve- 
ment of 

improvement  of  South  l*jis8,  ins]>ection  of 

reservoirs  at  sources  of 

8na«^-boats  on,  opi'rations  of 

Ul)per,  operations  of  sna^-boats  on 

water  j:fau«;es  on  . 

Mississippi  Hi  ver  Commission,  report  of 

Mi8sissip]M  Sound,  dt'fense  of 

Missouri  K*iver : 

between  Sioux  ('it>  and  its  mouth,  improvement  of. 

sna^-boatson,  o]M'iations  of 

from  its  mouth  to  Fort  Heut<)n,  Mont.,  survey  of. .. 
examiuafiou  and  survey  of  Nish-na-botna  River, 
Mo.,  with  a  vi«'W  to  increasinjr  depth  of  channel 

in  the 

Missouri  Kiver  Couiuiission,  report  of 

Mobile,  Ala.,  (lefenscs  of 

Mobile   narl)(>r,  Aln..  iujprovement  of    

Mobile  Kivrr  and  Harbor.  Ala.,  from  lowi'r  anchora;>e 
up  to  northern  limits  «)f  city  of  Mobile,  with  view  to 
securin<x  2'A  teet    depth  «)f  water,  examination  and 

survey  »>f 

Mokelumiu'  Kiver,  (.'al  ,  imi)rovenient  of. 

Monon^^ahela  Kiver,  imjn'ovement  of 

Monon^^ahela  Kiver,  optiatinj;  and  care  of  lock  and 

dam  No.  9 

Mononj^ahela    Kiver,    bri^lge    across,    near   Fairmont, 

W.  Va ! 

Monroe  Harbor,  Mich.,  improvement  of 

Moose-a-bec  iiar,  Jonesport,  Me.,  improvement  of 

Mosquito  Inlet,  Fla..  exauMiiation  and  survey  of 

Mosquito  La«^oon  and  Indian  River,  Fla.,  examinatiou 
for  inland  connnunication  from  the  Saint  John's  River 

through  to  .Jupiter  Inlet  ami  Lake  Worth,  Fla 

Mount  Vernon,  Va.,  iminovement  of  channel  at 

Movable  dam  at  Davis  Island,  Ohio  River  

Movable  dams,  exan)iuation  of  models  and  ])lansfor... 
Muscle  Shoals  Canal,  Tennes.see  Riv«T,  construction  of 

Muskfjifon  Harbor,  Mich.,  im])rovenient  of 

Muskingum  River,  construction  of  ice-harbor  at 

Muskingum  River,  Ohio,  examination  and  survey  of. .| 


Page. 


Part  L    I  Part  IL 


259 

2()2 

26^^ 
2rK> 

263 


26f» 
259 
266 

259 

266 

261 

261 
214 
272 
252 
2t>0 
24:J 
258 
41 

253 


2,^)7 

258 

41 

207 


214 
362 
2&2 

282 

293 

:«2 

56 
199 


199 
144 
280 
288 
274 
319 
283 
285 


1656 


Fart  HI. 


lf>56 
1655 


i:577  ' 


1697 
1691 
1721 
1687 

1733 
1709 
1695 
1694 


1717 
17  lU 

1718 
1685 
1667 
1747, 1750 


273  i 

,1633, 16r.21 
265  |I662, 1710 

l.'>32 
Partly    p.     25:J5 


1654 
16:M,  1653 
1654 


1()43  , 
Part  IV  I  p.  *>989 

1336  ' 


1374 


465 


2:^58 
1813 

1817 

1919 
2209 


281 


1287 


1291 
.  962 


J1784, 1802 
1859 
1753 
2077 

i     1821 


12 


INDEX. 


Subject. 


Page. 


Part  I.    '  Part  II.    Part  III. 


IV. 


Nantiickfit  Harbor,  MasH.,  improvement  of I 

Napa  Kiver,  Cal.,  from  month  to  Napa  City,  examina-  , 
tion  and  snrvcy  of 

Narraj^anHett  Bay,  dofensi^*^  of 

Nairaj^fansott  Bay,  R.  I.,  imjirovement  of. a 

Natalbany  Jliver,  La.,  examination  of 

Neabsco  Creek,  Va.,  improvement  of ■ 

Ncchcrs  River,  Tex.,  improvement  of ; 

Nebulini  Bay  and  River,  Oreg.,  examination  of  bar  at 
the  month  of  th«  entrance  t-o 

Nense  River,  X.  C,  improvmnMit  of 

New  Albany  Harbor,  and  the  river  and  Khores  adjacent 
thereto,  examination  of « 

New  Bedtortl,  Mass. ,  deft'nses  of 

New  Brrne  and  B»»anfort,  N.  C,  inhind  navigation  be- 
tween, improvemiMit  <»f 

New  Bnrtalo  Harbor.  Mich.,  imi>n»vement  of 

NewbnryjK)rt  Harbor,  MasH.,  improvement  of 

New  CaMth',  Del.,  ice-harbor  at 

New   Haven   Harimr,  Conn.,   constrneiion   of  break-  ; 
water  at 

New  Haven  Harbor,  Conn.,  defenst»s  of 

New  Haven  Harbor,  Conn.,  inii)rovem<'nt  of 

New  Haven  Harbor,  Conn.,  removal  of  wreck  from 

Nc^w  l^ondon  Harbor,  Conn.,  defennes  of 

New  London  Harbor,  Conn.,  ini[n'ovement  of ' 

New  Orleans,  La.,  defenses  of 

New  Orleans  Harl)or,  La.,  removal  of  wrecks  from 

Newport  Harbor,  R.  I.,  inii)rovement  of 

Newjjort  River,  N.  C,  improvement  of 

New  l?iver,  N.  C,  imj)rovement  of 

New  River  and  Beanfort.  N.  C,  exandnation  and  sur- 
vey of  sonnd  between  '. 

New  River,  Va.  and  W.  Va.,  improvement  of 

New  Roelielle  Harbor,  X.  Y..  improvement  at 

Newtown  Creek,  N.  V.,  improvt^nent  of 

New  York  Harbor,  defensive  of 

New  York  liarbor,  r«Mnoval  of  wrecks  in 

New  York  Harbor,  Cednev'n  chanmd  in,  improvement 

of ; 

Niagara  River,  X'.  Y.,  from  Yonngstown  to  Lake  On- 
tario, examination  of 

Niagara  River,  X.  Y.,  improvement  of ' 

Xiantlc  River  and  Flarbor.  Conn.,  examination  of 

Nish-na-botana  River,  Mo.,  examination  witli  view  to 
inerea'^ing  de|)th  of  channel  in  Missouri  River 

Xoniini  (.'re»'k.  Va..  improvement  of 

No<)tsack  River.  Wash.,  impiovement  of. 

Xortblk  Harbor,  Va.,  and  its  approaches,  inJi»rovement  ■ 
of 

Northern  and  N'orfhwestern  L:ikes.  issne  of  charts  of.. 

Xortli  I.nndini^  Kiv«T,  Va.  and  X.  C.,  improvement  of..  _ 

North  River  FVir,  Cnrritnck  Sonnd.  X.C.,  improvement 
of 

Norwalk  Harbor,  Conn.,  im])rov«'m(Mit  of 

Nottow:i\  Rivrr. 'Va..  improvement  of 

Xoxnb«M-  iiiviT,  Miss.,  improvem<"nT  <)f 
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Oakland  Harbor.  Cal.,  improvenH'ut  of 357 

Oak  Orehard  Harbor,  X.  Y.,  imi>roveinent  of 347 
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Ocmiilgee  River,  Ga.,  improvenient  of 

Ocoiife  River,  Ui)per,  Ga.,  from   Skull  Shoalu  to  the 

Geor^; ill  railroad  bridge,  examinatiou  and  survey  of. . 

Oconee  River,  Ga.,  improvement  of 

Oconto  Harbor,  Win.,  improvement  of 

Ottice  ot  the  Chief  of  Engineers. 

Oflieers  of  tlie  Corps  of  Engineers,  number  of,  duties  of. 

Ogdensbnrg  Harbor,  N.  Y.,  improvement  of 

Ohio  River,  (tonstrnclion  of  ice-harbor  near  Cincinnati. 

Ohio  ]\iver,  Davis  Island  h)ckanddam 

Ohio  River,  examination  and  survey  of  bar  opposite 

motitii  of  Licking  River 

Ohio  River,  improvement  nf i 

Ohio  liiver.  iujprovement  of  falls  of [ 

Ohio    River    at    Jeflersonville,    Ind.,    construction   of 

levee  at    j 

Olcott  Harbor,  X.  Y.,  im]>rovement  of > 

Old  Town  Creek,  Miss.,  improvement  of 

Old  River  Bed,  Cuyahoga  River,  at  Cleveland,  Ohio, 

examinati(n«  on  the  opening  of  the  channel  known 

as 

Olympia  Harbor,  Wash.,  examinatiou  and  survey  of . . . : 

Ontonagon  HarlM)r,  Mich.,  improvement  of \ 

<.)oKtenaiila  River,  Ga.,  improvement  of i 

Osage  River,  Mo.,  examination  of,  from  mouth  to  Linn  ' 

Creek,  with  view  to  movable  locks  and  dams 

Osage  Kiver,  Mo.  and  Kans. ,  improvement  of | 

Oswego  Harbor,  N.  Y. ,  imjirovement  of 

Otter  Creek.  Yt..  improvement  of 

Ouachita  River,  La.  and  Ark.,  improTement  of , 

Owensboro',  Ky.,  examination  of  harbor  at | 

Owl's   Head  Harbor,  Me.,  examination  and  survey  of  ■ 

southern  entrance  to 

Padmali,  Ky.,  examination  of  harbor  at 

Pamplico  River,  N.  C,  improvement  of ' 

Pamunky  Rivi'r,  Va.,  improvement  of | 

Pascai-oula  River,  Miss.,  improvement  of : 

Pascagoula  Riv«'r,  Miss.,  from  Moss  Point  to  anchorage 

in  bav,  examination  and  survey  of 

Pas<|uotank  River,  N.C.,  above  mouth  of  canal,  exam-  , 

i nation  of *. .  .. 

Passaic  River,  N.  .L,  above  Newark,  improvement  of. .| 
PaHsaic  Rivi'r,  N.  .L,  below  Newark,  improvement  of.. 

l*}iKs  CavMJJo  Inlet,  T«'x.,  improvement  of i 

J*atapsco  River,  Md.,  improvement  of ' 

F*aw('atuck  River,  R.  L,  examination  and  survey  of... 

Pawtuckt't  River,  R.  I.,  improvement  of j 

Pi-arl  Rivrr.  Miss.,  improvement  of,  between  Edinburg  i 

and  Carthage . .    ; 

Pi'ai'l   Riv«r.  Miss.,  improvement  of,  below  Jackson 

l*»'arl   Ivivt  T.  Miss.,  im])n>vement  of,  from  Jackson  to 

Carthag*' '. 

Peas«'  Crerk,  I'ia.,  improvement  of 

Pe»'  [he  River,  (Jreat,  S.  C,  improvement  of | 

Peiiobseot  River,  Me.,  defenses  of 1 

IViioli.scot  RiviT,  Me.,  imi)rovement  of 

Prnsaeola  Harbor,  Fla.,  defenses  of ; 

Peusai ola   Harbor,  Fla.,  examination  and  survey  of 

outer  and  inner  bar  at  entrance  of 

Pensacola  Harbor,  Fla.,  improvement  of 

Pensaiikee  Harbor,  Mich.,  improvement  of 
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IVntwjitrr  Iliirbor,  Mich.,  iiiiprovt'inoiit  of 

reniiiiinaim  Kivcr,  aliovo  Hart  tort,  N.  C,  «^xaiiiiiiation 
of 


Petaluiiia  Crvek,  Cal.,  iuii)rov«'!iH'iit  of 

Petit.  Jraii  Kiv«^r,  Ark.,  exaiiiinanun  and  (<nrv«*y  of 

Philadc'lpliia,  Pa.,  defenses  of 

Pier  at  LeweH,  Del.,  eonstrnet ion  of 

Pierre  Hayon,  L«.,  Hnrvey  of . 

I*ierre  Hayon,  MiKs.,  examination  of '. 

Pilgrim  Jtock,  East  River,  N.  Y.,  removal  of 

Pine  Kiver.  Saint  Clair  Comity,  Mich.,  examination  of. 

Plattshnrg  Harbor,  N.  Y.,  inipmvement  of...^ 

IMaqnimine  Bayou,  La.,  examination  of 

Plymouth  Harbor,  Mann.,  examination  of  a  channel 

fnun  (i(M)H4'  Point  to  the  Conlage  Company's  wharf.. 

IMy mouth  Harbor,  Mass.,  im]>r<»venu'nt  of 

Pocomoke  River  and  Sound,  Md.,  examination  and 

survey  <»f 

Portage  Lake  and  Lake  Superior  Ship-Canal,  Mich., 

purchase  of 

Portage  Lake,  Mich.,  construction  of  harbor  of  n*fuge 
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Port  Chester,  Harbor,  N.  Y.,  imj»rovement  of 

Port  Clinton  Harbor,  Ohio,  improvement  of 

Port  Jetferson  Harbor,  L.  L,  N.  Y.,  improvement  of 

Portland  Harbor,  Me.,  defenses  of 

Portland  Harbor,  Me.,  improvement  of 

Portsmouth  Harbor,  N.  H.,  defenses  of 

Portsmouth  Harbor,  N.  H.,  examination  of,  from  the  sea 
to  the  wharf 

Portsmouth  Harbor,  N.  H.,  examination  of  Little  Har- 
bor at ,  for  a  liarbor  of  refuge 

Portsmouth  Harbor,  N.  H.,  ini]>rovement  of 

Port-warden^s  line  at  Phila<Ielphia 

Port  Washington  Harbor,  Wis.,  improvement  of 

Post  and  depot  at  Willets  P«iint 

Potomac  Riv4M',  improvement  of,  in  vicinity  of  Wash- 
ington, D.  C 

Potomac  River,  tish-ways  at  Great  Falls  of 

Potiunac  River,  at  Mount  Vernon 

I*«)\vo\v  River,  Mass.,  «>xamii)ati4)n  and  survey  of 

Proviih'iice  Itiver,  R.  L,  improv(^m4'nt  of 

Provincetown  Harbor,  Mass.,  impyivement  of 

Public  buildings  and  grounds,  District  of  Columbia  ... 

I*ultney  ville  Harbor,  N.  Y.,  improvement  of 

Pnyallu]i  Kiver,  Wash.,  examination  aud  survey  of 


137    904 


3:u 

316 

87 

:m 

90 

8 

58 

10 


Quinc}  Ha.\ ,  HI.,  examination  and  survey  of  bar  and  j 

obstructions  at  mouth  of  Whipple  Cr(*ek  in |  266 

(^uincy  Hay,  111.,  improvement  of 2l>5 


Raccoon  Kiver,  N.  .1.,  improvement  of 124 

Racine  Harbor,  Wis.,  imj)rovcment  of 'M)S 

Ksihwav  Kivi*r,  N.  .1.,  improveujent  of KMJ 

Raucocas  Kiver,  X.  .J.,  improvement  i)f :  123 

Rank  anil  duties,  ollicers  of  Kngineer-: !  379 

Rappahannock  River,  Va.,  improvernent  of 146 

Raritaii  Hay,  N.  .1.,  improvennnt of 108 

Raritan  Kivl'r,  \.  ,J.,  improvement  of 109 

Kec(Minaissjin<es  and  explorations |  376 
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Red  River  above  Fulton,  Ark.,  exaiiiination  andsnrvev 

of *.. 

Rt*<l  River,  La.,  iinprovenieiit  of 

Red  River,  Little,  Ark.,  exaiiiiiiatioii  and  survey  of 

Red  River  of  the  North,  iniproveujeut  of 

Red  River  of  the  North,  construction  of  lock  and  dam 

at  Goose  Rapids 

Redwood  Harbor,  Cal.,  improvement  of 

Reservoirs  at  sources  of  the  Mississippi  River  and  its 

tributaries,  construction  of 

Reservoirs  at  sources  of  the  Mississippi  River  and  its 

tributaries,  surveys  for 

Rio  Grande,  Tex.,  protection  of  river  banks  at  Fort 

Brown 

River  and  harbor  im])rovenient« 

Roanoke  River,  N.  C,  iuiprovement  of 

Rock  Island  Harbor,  Mississippi  River,  improvement 

at 

Rock  Island   Rapi<ls,  Mississippi   River,  improvement 

at ' 

Rocklaiul  Harbor,  Me.,  improvement  of 

Rocky  River  Harbor,  Ohio,  improvement  of 

Romerly   Marsh,   Ga.,    improvement    of    water-route 

through 

Rondout  Harbor,  N.  Y.,  improvement  of 

Rough  River,  Ky.,  examination  and  survey  of 

Rouse's  Point,  N.  Y.,  construction  of  breakwater  at 

S. 

Babine  Pass,  Tex.,  improvement  of 

Sabine  River,  Tex.,  im])rovement  of 

Sackett's  Harbor,  N.  Y.,  improvement  of 

8aco  I^  ver,  Me.,  examination  and  survey  of,  and  break- 
water at  mouth  of 

Sacramento  River,  Cal.,  improvement  of 

Saginaw  River,  Mich.,  im[>rovement  of 

8aint  Anthony,  ]>reservation  of  Falls  of 

Saint  AugU8tin(5  Creek,  Ga.,  improvement  of 

Saint  Augustine,  Fla  ,  defenses  of 

Saint  Augustine  Harbor,  Fla.,  examination  of 

Saint  Clair  Flats  Nhipcanal,  Mich.,  repairs  of 

Saint  CMair  Flats  Ship-canal,  Mich.,  operating  and  care 
of 

Saint  Clair  Uivpr,  Mich.,  examination  and  survey  of, 
near  Saii.t  Clair  Flats  Canal 

Saint  Croix  Kivev.  Wis.  and  Minn.,  improvement  of... 

Saint.  Francis  River.  Ark.,  improvement  of 

Saint  Francis  an*!  White  rivers.  Ark  .  improvement  of. 

Saint  Jerome's  Creek,  Md.,  im])rovement  of  harbor  at. 

Saint  John's  River  and  Fernandina,  Fha.,  deepening 
inside  passage  between .. 

Saint  John's  Kiver,  Fla.,  examination  for  inland  com- 
mnnicatioh  from  the,  through  Mos(|ui to  Lagoon  and 
Indian  Kiver  to  Jupiter  Inlet  and  Lake  Worth,  Fla  .. 

Saint  John's  Kiver,  FJa.,  improvement  of  bar  at  mouth 
of 

Saint  John's  Kiver,  Fla.,  Upper,  improvement  of 

Saint  Jones  Kiver,  Del.,  improvement  of 

Saint  Joseph's  Harbor,  Midi.,  improvement  of 

Saint  Jo8ej)lrN  Kiver,  Idaho,  examination  of 

Saint  Louis  Bay  and  Kiver,  Minn.,  to  foot  of  tiret  falls, 
examination  and  survev  of 
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Saint  Louis,  Mo.,  impruveineut  of  Mibsissippi  Kiver 

o]>p(>Nit«^ !  25y  16JS45  ■ 

Saint  LouiH  KivcT,  Minn,  and  Win.,  coiiHtnictiou  of 

brid^t*  of  Nortborn  Pacitie  Railroad  Company  acrom.    203  19:^1 

Saint  Man's  Falls  Canal  and  Saint  Mar\'K  Kiv<»r,  Micb.,  ' 

iniproveuH'nt  of I  I^iTi  i  *2I04 

Siiint  Mary's  Falls  Canal,  Micb.,  dry-dock  at :«<)     :«2  "  •il'.M.^lHe 

Saint  Mtiry's  Falls  Canal,  Micb.,  o]»fratin^  caiinl  at. ..    ^^25  *2U)(t 

Saint  Marv's  Hivor,  Micb.,  iniprt»v(!nicMjt  of  Ilav  Lake 

Cbanni'l' '. :W4  2U98 

Sali-ni,  Mass.,  examination  of  barbor  at,  witb  virw  t«» 

biiildin;>;  a  .j»'tty iVT    5:W 

Sab-m  River.  N.  J.,  examination  of  niontb  of 127     ^Xt 

.Salem  River,  N'.  ,J..  improvt'ment  »d' 1*^4     8«V2  • 

Saiin*'  liiver.  Ark.,  inipn»vement  <»f tiTjO  151W 

Salkifbatebii'  River,  S.  ('.,  improvement  of.. Irt2  1192  i 

Salmon  River  at  and  below  Fort  Covjn«;t<»n,  N.Y.,  ex- 
amination ami  survey  of    lifrJ  22p'6 

Salmon  River,  moutb  of.  and  tbe  inner  natnral  barbor 

tbereat  on   Lake  Ontario.   N.  \.,  examination  and 

survey  f«»r  barbor  of  n-fu^e '  :{.V2  2291 

»Sau<l  Iteaeb,  Mieb..  Lake  Huron,  barbor  of  refngo  at  .-    :J28  2151 

San  l)ie«it>,  Cal..  tie  tenses  of '     4r> 

San  l)ie<j;o  Harbor,  Cal.,  improvement  of IttJO  2349 

Sandusky  City  Harbor,  Obio,  impri>venient  of :Ui5  2216 

Sandusky  Kiver,  Obio,  im))rovoment  of I  'X\7  22W 

Sandy  Hay,  Capo  Ann,  Ma.ss..  barbor  of  retugc  at G(>    520 

San  Franeiseo,  Cal.,  defenses  of .     45 

San  Francisco  liav,  Cal.,  examination  and  survey  of 

Islias  Creek  ../. \  ,...    l^)  2340 

San  Francisco  Harl)or,  Cal.,  removal  of  wrock  from...;  350  2339 

San  .Joaj|uin  Riv«?r,  Cab,  improvenuMit  of :  :W1  2353 

San  .l<»a<iuin  River,  Cal..  removal  of  wreck  from 3d0  2339 

San  Mateo  River,  Cal.,  examination  of ■  :m  2342 

Santee  River,  S.  C.  improvement  of 175  lll9 

Saranac    River,    N.    Y.,   examination   and    survey  of  |  ' 

mouibof,  at  Plattsburgb .\ 1357  2318 

Sa.ssafras  Riv«*r,  abt>ve  Cieorjjetown,  Md.,  examination  ,  j  i 

and  survey  of I  137    914  i  ' 

Sau«;atuck  Harbor,  Micb.,  im}>rovement  of ;ftJl  2064 

Sauj^t  rties  Harbor,  N.  v.,  improvement  of 95    009,  [ 

Savannab,  (Ja.,  delensi's  of    j     [^  \  ' 

Savannab  River  and  Harbor,  (ia..  improvement  of....'  182  1195  j 

Savannab  River,  (In.,  above  An«rusta,  improvement  of. ^  la.'i  1213 

Savannab  liiver,  Ca.,  below  Augusta,  imjirovenuMit  of.  j  184  1207  ' 

Scajacnanda  Cr4M'k,  at  Hutl'alo.  N.  Y.,  examination  and 

snrvey  of :^2  2283 

S<du>ol  of  application,  Ibittalic-n  of  KngiiUMTH ;     52    427  , 

Sebu^\lkill  River,  l*a.,  inipn»vement  of ,  110    837 

Scituate  Harbor.  Mass.,  improvement  of 02    501 

S<*ioto  River.  Obio.  examination  and  survey  of 285  1832 

Senpperuoii^  River,  \.  C.,  im]in»vement  of i  103  1044  ' 

.S(;nppern(in^  J^it^i'r,  \.  ('.,  n'lnoval  of  wreck  fnuu 104  I         1044 

."^ea-eoa.st  and  lake  Iroutier  defenses,  general  renuirks 

on  and  est i mat e.-^  for ■       4  ■ 

SliaxN  nei'town  Harbor  and  Levee,  HI.,  examination  of .    284  i  18!W 

Sbelmygan  Harbor.  Wis.,  improvement  of 30.'>  '  20U1 

Sbee]>.slu:ul  IJa\ .  N.  v..  improvement  of 00     740 

Sbenamb  all   I»i\er.  Va.  and  \\'.  Va..  improvement  of. .    143  957  | 

SbrewNbuiy  liiver,  N.  .1.,  im]irovement  of :  105     751  ,  , 

Skaget  KMver,  Wasb..  im]»rovemeut  of |  307  2403 

Skipioii  Cre<'k,  Md.,  examination  of J  137    907  ; 

.Snag-lxiats  on  ibj' Arkansas,  operatiiujs  of 244  1558 


